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I. ABSTRACT

Basically, these programs are the analyses of the free or forced,
undamped vibrations of one or two elastically-coupled lumped parameter teams.
The whirl analysis of a rotor-bearing-casing system is facilitated by the
assumptions that the rotor, casing, and bearing stiffness characteristi;s
are axially symmetric and that the shaft executes circular orbits. Bearing
nonlinearities, casing and rotor distributed mass and elasticity, rotor im-

balance,. forcing functions, gyroscopic moments, rotary inertia, and shear

and flexural deformations are all included.in the system dynamics analysis.

The analysis is based upon a lumped mass parameter model using a modi-
fied Myklestad-Thomson transfer matrix technique. Bearings are characterized
as springs which can have constant spring rates or load-dependent values de-
fined by

e B
K= AP or a table of P vs K
points,where A and B are constants and P is the load transmitted through the

spring.

All bearings have noﬁlinear load displacement characteristics, the solu-
tion is achieved'by iteration. Rotor imbalances allowed by such considerations
as pilot tolerances and runouts as well as bearing clearances (allowing conical
or cylindrical whirl) determine the forcing function magnitudes. The computer
programs first obtain a solution wherein the bearings are treated as linear
springs of given spring rates. Then, based upon the computed bearing reactions,
new spring rates are predicted ana another solution of the modified system is
made. The iteration is continued until the changes to bearing spring rates and

bearing reactions become negligibly small.
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If the machine operating speed is near a critical speed, the magnified
bearing reaction is of interest for comparison to the bearing capacity. The
nonlinear treatment of the bearings by this method shows that bearing reaction
predictions, based upon a linear representation of the bearings, can be un-

conservative (see (b) below).

Roller
Bearing
' 5 Representation:
/ b Linear
® / g | Nonlinear———————-
o] ()]
| (<4
b0 )
E 5 Operating
H H Speed
, E /
7/ : -
Bearing Spring Rate Shaft Speed
() (b)
Typical Load-Spring Rate Response Prediction Influenced
Curve for a Roller Bearing by Bearing Representation

These are some of the preferred types of computer programs used for the
analysis of rolling contact supported rotors. These programs, which are fully
described in the users manuals included with the Tﬁrbopﬁmp Shafts and Couplings
dossier, are available from COSMIC, the University of Georgia, through the

National Aeronautics and Space Administrationm.
- - e
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II. TECHNICAL DISCUSSION

All four programs can be summarized in a simple tabular form.They
all compute natural frequencies, mode shapes, and the amplitudes
of the shears, moments, slopes and deflections produced in a lumped

parameter beam system by harmonic forces and/or moments.

FORCED FREE SINGLE | DOUBLE | CONSTANT | NON-LINEAR
PROGRAMS .| VIBRATION | VIBRATION | BEAM | BEAM | SPRING | SPRING
F13101 X X X
E13102 X - X X
E13104 X X X
E13112 X X X

The method of analysis is a modified Myklestad-Thomson type and is

described below.

To describe the model, first consider the fcllowing hean on a

Ar"—“""“rv‘

7777777777777777

% (force/unit length)

discontinuous foundation:

e micht represent this stracture for the vibration annlysis as:

*1 '»«~ N th Bay
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tie see that a typicel element, which is called the ¥ th bay in the

above sketch, is:

ET(1)

I

L(1)

v

The weight of the bay, W ,'is lumped at point N, ?he beam lengths,
which nced not be equal, are designated L(1) and L(2). The associated
c .
bending rigidities arc &I(1) and 2X(2). To represent the elastic foundation
acting on the bay, a sprinf constant ¥ is utilized., Nole that in this

exomple K would cqual [L(l) + L(Z)J k.

Otie can see that the physical beam rigidities are guite well represcnted
in the analysis whereas the mass distribution and elastic founcation

representation denend. on the number of }umping stations used.

As a second example te describe the lumped nparameter model, consider

ters:

the following two-bearing shaft with overhunsg ve

X X r;
= =y

The Jumied model is:

0905

Bay N

I-vw
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Znlarging the shketch of day N: .

oAM= (IJ.—I\wzé = - Jw?d

B

-

~
EI(2) /—w\ EI(1)
L(2) \;J L(1)
A -
L
¥

1

T T

- The value A M accounts‘for the rotary inertia and gyrcscopic effects
of the mass (of rrime imnortance for rotors). It is shown ~s a DﬂAlembert
monment. (ood discussions of these effects and derivation of the above
form:la can be found in References (2), (3), and (4). The varaietar 1
is the mass moment of inertia of the nass obout & diqmctral line ond I

o
is its rmezs nolor wowent of inertia., Understanding of the lwaned rarawet:or
model is hest obtnined through 4 hrovledre of the compututional forwulas

used in the rnrogrant,  Therefere, the following section sets forth the theory

and derivation of enguations used in this vibration analysis,

1. LUMPED PARAVETER MCODEL

WNH YM
~

Yo N /é(£
Nt
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2. STATE VFECTOR
Mw

{af = 35,

Yo
]

The state vector A” is defined as the column arré{y of the shear,
moment, slope, and ceflection in the heam at the end of bay N. The
fiftr element of the state vector is the constant one which permite

Lthe Incluzion of the loxod constants in the Lransfer mateices.

¢ 3. MASS TRANSFZER MATRIX

Y
Ky B,
N
Var = Var + —W—'-“—wzyN = K),)/M Vo Yy
N

[ 2 owt= ]
(\/NL } O o (ijw 'K)'): Vy+¥u / V""e)
! —
| o 1 Gk o A ||,
|
ﬁu = o O 'l‘ 1 >
y © ] O fm&
o |
R I 10 e
| 0] ST T
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L. ELASTICITY TRANSFFR MATRIX

Mz
‘ V)éuk
— ) ‘ !""
VNR
’ £z Yur
ML
__z___,___ (-Dl c’._—-/:—:5 é.\s\_
YNL. ] A VNL- L P -
N B R
éN\_ = é N - 2 E]_‘N VNK EIN e

CELy GN 2EILu
Ve \VINY B Moo = Mur * Ve Ane
r ’ !
V l O O Q0 ] Vg
VL \
Mu Ly [ O O i' O Mne
L
— - _Q-:g_: . é’ | 0 ] ~ ]
SPN,_ - 2ETy ETn . : o i ?m.?
3 2
jN ,_,CNJR zep _ ‘ O
e (k) 2 4 ' 10 Yue
u C 6o o o bijt!]

ve  Jon) LEn] fBu

This transfer matrix symbolically represents both spans of bay M and

for each the appropriate ]‘N’ EIN, CN’ and GN must be used, where C_ is the

N
shear deflection coefficient as described on the follcwing two pages.
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SHEAR DEFLECTION CQE:FFIC!ENT' FoOrR geAmSg

, J : / \

V() | L ~ ()
o x ] T 3 T T

EQUATING WORK DoNE —

LS [T (D)

GENERAL CrROSS SECTION -

. | ASSUME g ' 3’ =
ia»-c- b ' ’
n o '

G
5 A j Q% aaA
w_HERe ,é T2 , 42 _
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THoLLOW CIRCULAR sEcrion

2
: ,/é:.ﬁ_ \g 8_ dA
) 2 b=

A

A= T (Rzz‘ [211) = 77—'?2.2(/"4{)

T = .ﬂ;: (R:—E:)*- '"‘2:()—6(.4)

4
. £
C= =
, d;Q-—‘ /zd¢> dnr Ty Yy = R cos ¢
o . S
Q(e) 5 f y dA
- R,
e R . -
= jf A Cosp nrdp v
-p fel
@(9) = —32- (e,_‘?_,e,’) SN © = —‘;:-R,,s(hcig) SIN ©
6(9> = = (RL’EI) = 2e, (1-a)
o z .z ¢ _ ¢ 3 R
A = (/““) 7 Re (/"2) jj sinte rde dr
T 4
LR, Tli-a%)® 4R, (/—a.) Zr R,
16 (1-a2}(1-a)"

‘?L_' (Rzl"Rlz) (#)

?7 R (- a')t (1-a)?
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b g (1-a*)(1-a?)
7 | (1-a*)Ni-a)
o . . 2
/é = ._?. [ (_/',"" ’R_f+ @ )]
9 (1+a?) _
For THINN  CIRCULAR secTion Q> /

. g 3.’ 7_ ) . PR ..
,('2: -7- (Z) = 2_ O K

FOR soLiD CIRCULAR SEcTION a > o
A = g o s0 ( NOT cORRECT)
7 4 '
. ‘ . C “
T REFZ ROARK , FORMULAS FOR STRESS ¢ STRAM P 12¢0.
C= 4A/A4
/é 2-0"' I et
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] CURVE
15 +
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1.0 1—, ABOVE FORMULA

|
0.5 +

1
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5, SOLUTTON PROCEDURE FOR A SOT OF LINEAR SPRIncs Fase 1l

-

At the start, N = 0, thus, {Ao}

Going across the first elasticity,

{A} [EJ{A}

And

e
SR ]

) mm e Lei o]

(n). [es)jal) - Cellrae]{n) (C16)

In like manrer, transformations can be made acrocs cach
bay, exrcressing each state vector in terms of the previous

stale vector, and thus in terms cf the starting vector,

[&]

[Buen} = T[] {8} [0] {84

Expanding we get,

éiu Ci/z aﬂz QC#

~ 2 <
&
&
é\
&
gk

!
|
|
l
l
|
|
|
\
l
l

K
|

o
0
Q
Q
R

Jnsta | =T o

The fourth order nature of the governing beanm equation requires
the specification of two boundary conditions at ecach end. The
program requires that two of the four variables of the state
vector be zero at the beginning and at the end. Other homogeneous
boundary conditions such as elastic resiraints can be obtained

by inputting a zero length so as to put the mass point at the
bounduary and then setting V and M egual to zero with aprropriate
lateral and/or moment springs. Likewise, concentlrated end

forces and moments can be inputted as V and M with *he bouhdary
condition that V = M = O,
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Let ﬁ

Vi

~ <Xty T <

Further, let
M = subscript of 1lst zero variable at end of last bay
N = subscript of 2nd zero variable at end of last bay

R = subscript of lst non-zero variable at start of lst bay

]

S subscript of 2nd non-zero variable at start of 1lst bay

Considering the two equations associated with the zero variables at the end,

and dropping those terms multiplied by the zero variables at the start:’

=5 diag  dms Qg

“d ys dyn dus Qs

These can be readily solved for QR and QS’ the two unknowns at the start of
the bearm. Thus knowing the initial state vector, all succeeding state

vectors can be found by "walking through' the system.

6. SOLUTION PROCEDURE FOR A SET OF NON-LINEAR SPRINGS

The previous section described the explicit procedure for determining
the response of an elastically supported beam to a harmonic force of moment
input of frequency . If the beam support (for example, bearings) has a
non-linear load~deflection relation, the secant line intersecting the curve
is not a constant, but is instead a fun_ction of the deformation of the

beam.
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P(S)
| P(S2)
/7
7/
/7
7/
7
$17
7
s 7 g ' |
ol C;;) 5

The elastic analysis described 'in the previous section
yields an elastic spring force which is simply the product of
the spring constant times the deformation. If this elastic force
equals the non-linear force for the same deformation (as determined
from the non-linear force-deformation relation as typified above),
then the linear spring used was the correét secant. Adjusting the
choice of secants until this agreement is achieved for all the non-
linear springs supporting the beam leads to the solution of the
problem. After a given unsuccessful iteration, the initial and
final secant values are averaged to obtain the trial spring for the

next iteration.

The first trial spring for the first frequency investigated must
be input to the program. When the response to a harmonic load of
successive frequencies is desired, the converged secant value for the
first frequency is used as the first trial spring for the second fre-
quency. -Likewise, the converged secant value for the second frequency
is used as the first trial spring for the third frequency. After this,
a parabola is fitted through the three previously converged frequency
springs, and the first trial spring for the next frequency is extrapo-

lated along this curve.

() (r) (r) (F)
l<w£— = (K“’[—:* K-L).;.L ) * Kw;_s
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7. DETERMINATION OF THE NON-LINEAR FORCE

As described in the previous section, the forced vibration analysis
for a set of linear springs yields deformations and associated elastic
forces in the springs.. In order to test for convergence, the non-linear
force associated with that deformation must be determined. At preseht, the
program permits two types of non-linear springs. The appropriate flag must
be set in the input.

a) FLAG(N) = 1. Angular Contact Ball Bearing: The pertinent

bearing data is input after all the station data, and the
exact load-deflection equations for ball bearings are
utilized, including the interaction of thrust with the
lateral response.

b) FLAG(N) = 2. P = A yB where A and B are constants inp;t to

the program.

' At present, roller bearing load-deflection curves are fitted by a form b).
However, it is easily possible to introduce a third flag alternate and

incorporate the exact load-deflection equations for roller bearings.

8. ANGULAR CONTACT BALL‘BEARINGS

The explicit analytical load-deflection relations for angular contact
ball bearings have been derived and are extensively treated by A. B. Jomes

of New Departure Ball Bearing Company.

The outer race of the bearing is assumed. fixed in space. The inner race
has three degrees of freedom with respect to the fixed outer race. It may
move axially, laterally, and may rotate. It is also capable of transmitting
three force resultants between shaft and bearing support (i.e., lateral

force, axial force, and moment). Each of these force resultants can be ex-

pressed explicitly in terms of the three deformations. These functions are
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explicit, but non-linear. Their inverse cannot be explicitly stated,
that is, the deformations cannot be expressed in terms of the three force

resultants, nor can mixed functions of forces and deformations be expressed.

H = 1(‘ (AA7A|'<79)

Vo= £, Cba
M

7AK7 e)

-f_; (&A) All) 9)

\!

The significant parts of the derivation have been reproduced on the
following pages. The value of "K" referred to on p 22 by Jones*, and DKK
in the program, is not computed internally by the program, though it could
be, but is computed by IBM Job 773A. Since this number is a constant, it
need be computed only once. Job 773A essentially programs Jones' equations

in an iterative scheme to yield deformations as a function of input loads.

* "New Departure - Analysis of Stresses and Deflections", Vol. 1 and 2,

by A. B. Jones, New Departure Division, General Motors Corporation, 1946.
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I. Basic Geomatric Relations,

Tho operating characteriatics of & ball bearing depend to a great
oxtont upon the internal fitup., Intornal fitup is genorally rea-
sured by the diametral clenrance of tha bearing.

Fig. 1 shows a cross section through
a radial, single row bearing. Dia-~
metral cleursnce is denoted by ~,
From Fig. s

} - R=l -0 -zd - Ea. 1

\
__///’—\ '—{ Although dicmetral clearance is goner-
' ally vced in connection with single
row, radial bearings, Eq. 1 is appli-
cable to angular contact bearings as
woll since there is a definite relation
h_ N

-\

botween diametral clearance, race curva-
tures and free contact angle (See Eq. &

Pe ‘).

" The value of A, from Eq. 1 may be posi-

2 tive or negative, Loose bearings have
positive diametral clearance. Tight beer~
ings have negative values of 2, .,

Diametral clearance in loose, single

row, radial bearings is sometimes called
radial cleerance, radial play, radial
shake, dianetral play or diametral slacx—
nese., .

For loose, single row, radial bearings
diametral clearanco may be dofined as
the waximum distance one race may move
diametrally with respect to the other

.Fig..l T without the application of measureable
force when both races lie in the same
planc,

---a--———-—---------a-p----w--w--------

Raco curvature is a measure of the

conformity of the race to the ball in

a plene passing through the bearing
//b axis and transverse to the raceway.

It 1¢ expressed as a percentage or a

decimal, Throughou®t this text decimal

notation will be used,

Fig. , -
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The curvature of & race is dofined ast (See Pig. 2)

/:ar _C Eq. 2
| d . | |
Thus, if the curvature and ball diameter are known, the radius of curva-
ture is:

/":/a/ - . Eq. 3
'*oau.,unpcn---c-n-u,.-au--——,-——---—--—-----—

The distence between the centers of

cvrvatures of two races in line and

Z ' Jine contact with a ball is of great
%,4, y importance. This distance is indica-

y , ted by £ in Fig, 3 and is & fixed

\ / quantity depending on race radii and

7\ » vall diameter. Denoting quantities
\ r, reforred to the cuiter race by the sub-~

OUTER RACE

O seript, , , and quantities referred to
d - the inner race by the subscript, P
: we bave from Fig. 3:
~ hi

N

Since both /, and 7 may be ekpressed

INNER RACE in terms of outer and inner race curva-
: tures, respectively, by Eq. 3, we have:

- Fig. 3 » ‘ :
. D""[}g ,L/(f—-/) c{ Eq. 5
Lotting: | ' 5://5,/4 _// o L _E(j.'; 6‘

D -Bd o Eg.. 7

The quantity (/3 in Eq. 7 is knowvn as the total curvature and is a mea-
sure of the conformity of both outer and inner races tc the ball. Upon
it dopend all bearing deflection computations. -

- s B w w M e S W W M W ™ G W @ W W e & e oEm e W e P W oo W B o S W e o -
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Free contact angle is the angle made by a line passing through the points
of contact of the ball and both raceways with a plane perpendicular to
tho dxis of the bearing when both races are centered with respect to ecach
other and one race is axially displaced with respect to the other without
the application of measureable force.

OU7ER RACE .

INNER RACE

Flg. 4

The centers of curvature of both outer
and inner races lie on the line defin-
ing the frec contact angle, Free con=~
tact angle is denoted by/cy and is
illustrated in Fig. 4. o

Freo contact angle 1s determined by dia-
metral clearance, /2, » and total curva-
turo, S, asi

V%55 |
ors A2 = 25c/[/-6‘05/5;) Eq. 9

In the case of radially tight bearings
the value of /L, 1is . negative and the

value of cos/3Z from Eq. 8 becomes

greater than 1, Mathematically, this
is an imaginary condition. However,
the value of 00516% for radially tight-

bearings obtained from Eq. & is of im-
portance in certsin deflection computa-
tions and has a definite physical sig-
nificance, _

Therefore, radially tight bearings may be considered as having an imaginary

contact angle whose sine is
fined by Eq. 8.

The
Due
ted
the

zero and whose cosine is greater than 1 as de-

-n-—-:-np-‘--u.—o--—h------—-,-—---—---—

effect of interforence mounting £its on free contact angle is important.

to the interference fit there is a change in diameter of the press fit-
raceway and a corresponding reduction in diametral clearance., Hence

fres contact angle 1s reduced by press fitting. . o
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If AF 58 the total reduction in diemetral clearanco due to press fitting

one or both race members, the initial mounted contact angle,/fg',

Cos ﬁ': CBI~FPos + D FPp . ‘Eq. 10
. ° 2B :
ors
C - * AP Eq. 11
o:s/é% CLS/<? S |

For the offect of interference fits on ring dimensions see Chapter XV/r
pO 161 .

Free endplay is the maximunm possjble relative axial) movement of inner

race with respect to the outer, when both races are cohxially centered,
without the application of measureable force. It is denoted by A

In practice, endplay is measured under a definite gauging load and is
knovn as gauged endplay. Gauged endplay is always greater than free
endpley because of the deflection of the bearing under the gauging load.
See Chapler XI, p.i52 {or the rolalicn betweon grugad endplay and dia-
metral clearance.

OU7ER RACkE

-Free endplay depends on total curvature
. end contact angle as shown in Fig, 5.

A

: (o = 2B Sin 3 Eq. 12
ors _ ;
SinB = . Eq. 13
° 2B8d _ .
INNER RACE '
Fig. 5 . | The relation between frée endplay aﬁd

diametral clearance is obtained by
eliminating,fz between Eqs. 8 and 13,

£ = 2B (2807 Fi? Eq. 14

~n\febd 2 -~7 . Eq. s
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Solid Flastic Bodlies In Contact,

fhen two, solid, olastie, curved bodies are pressed together under
load & certain amount of flattening occurs in the neighvorhood of
the contact point, Due to the flattening there 'is produced anwel~
liptical pressure area over which the total load is disiridbuted.
The relations governing the shape end size of the prossure &rec and
the distribution of stress over the pressure area vere rathematically
investigated by Heinrich Hertz in 1881. hese relations show good
agreement with test results except whers the dimensions of the pro-
jected pressure area are large in comparison to the principel radii
of curvature of the contacting bodies, Good agreement is showm for
conformities generally used in ball bearings. :

Although Hertz's work was limited to an analysis of the distribution
of stress at the pressure surface, more recent investigators have
determined the nature and distribution of the stresses occurring
beyond the pressure surface and have substantiated their results

by photo-elastic tests,

@ W M e e e TE e 63 ) of 4R em € em SE e % G ws G ) o e W e Sm S ar W e s S e

Let the bodies be denoted by the sub-
scripts "a" and "b", respoctively, as

pal radii of curveture at the contact
point be/F@, and /’\’02 for body "a" and

R4 and /C?..’:‘Z for body “b', The radi
n

[

o

. referring to the respective planes,
Yhen body "a" and body "b" are pressed

sulting pressure area vwhose semi~-axes
are a and b 18 shown in Fig. 17.

-

curvature are measured in two planes, 1
and 2, at right angles to one ancther as
shovn in Fig. 16, the subscripis 1 and 2

shown in Fig. 16. Also, let the princi~

\ - together by the normal lecad, 2, thé re-

Rb
2 Hertz gives the dimensions of the pres-
sure area in terms of the transcendental
- functmns,{x and y~, as:
-
 lare 2

)067

-

\. é3CN26y<5” :
where: g:s 5;006\'2, ras)

A A

d(ﬁbl Ra," R, R

/T
!

“s/

3

Kol
.

52
£
.

3

Za.
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A = A0=85) | Bq. 57

. ¢ 6
If both bodies are of steel with modulus of elasticity 29 x 10 #/éq. in,
and with Poisson's ratio 1/4, the value of g from Eq. 55 is:

. 2 5
- ' o, Ra, RE™fr5

The vaiues of the principal radii of curvature,/az ’/?GE ,/?éy amd/?zk
are taken in accordance with Fig. 16.

The principal radii of curvature may be either positive or negative, depend~

]

* ing on whether the centers of curvature lie within or without the body a&s
shown in Fig. 18.

In addition, planes 1 and 2 should be
y ‘ ‘ " so chosen thatl: '

/ / / / . :
R T A 5. 50
ﬁ( Ra, Rb 7/ Ra, Kb, »
_.R . '
///1:—~§\$\\ \\\\‘_‘3,/// Plane 1 then determines the direction
vy . of the semi-minor axis of the pressure
%_ : ' area and plane 2 the direction of semi-
: major axis of the pressure area,

The values of the functions -4 eandv—
for use in Egs. 53 and 54 depend on

the conformity of the contacting boedies
in the vicinity of the pressure area as
determined by the auxiliary angle, T .

Fig. 18

" / / / g
P TG AL A
COS C':: // //ayz /Té/ sz Eq. AC
- /
e g e L L
ra, _AQQ. R6, -~ Rb,
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Note that the denominator in tho expression for cos & 1s thé same as that
occurring under the radical in Eq. 55 and 58.

—~¢ and v are related by another auxiliary angle, & , which depends
on the shaps of the pressure ellipse. : :

‘ . '
£ ()
9 = f/ZE(e)Cose‘ . ' ' Eq. 62
P .
wh;arex Cos & =/__2(__/_ = —g’l ' Eq. 63

/((5) and f(é‘) are the complete elliptic integrals of the first esnd second
"~ order, having the modulus sin & _ : _

K(e) - f 2 . 64
. / /- | ,

Sinfe Sintey

7 ' ,
f(é‘) ::[z\//-.ﬁ‘/'n"s Sinf p a/;a o Eq. 65

Since accursate tables of A (E) and £(€) are not always available, values of
A(€) and F£(€) correct to ten decimal places are given on Charts 5 and &.
Four place tables may also be found in Jahnke and Emde's "Funktionentafeln®
1943 edition. - ) '

By assuming a series of values of the modulus, sin & s corresponding velues
of cos = , 4 end v~ may be calculated by Eqs. 61, 62 and 63,

Values of 4 computed in this manner are plotted against correSpénding
values of cos ¥ in Charts 7 through 21. Values of -~ are plotted against
corresponding values of cos T in Charts 22 through 31, . -

. It must be emphasized that the semi-axes of the pressure ollipse, a and b,
are the projected semi-axes and are not measured along the curvature of the
pressure surface. '

-

----------—-—-----nu--—--------—--—.-.-.
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s
4

-
-~
-

-y i
sluticn.

4 ©all bocring derives its leoed cerrying «bility frox the forces
Frodauced at the contact points of balls and raceg. These loais,
called normal ball loads and designated by /2, resull Irom tho
elastic deformations of the contacting bodiece,
b Y
Piz. 27 showe & ball tatvwoen tw
cwwed ruces, Waon itie ball Is in
point (no load) contact with both
‘. TECLS, The COniors ol cwrvature ars
‘e scperated by tho distance Sf{sce 2.2)
viaich dopsnds ca curvaiures and ball
diamater,
IZ the recss s displaced with re-
spoct to eack cthar cc that the bai
is comprassed beotween ilen, tho ex-
“ternal {force causing the comgression
P is resisicd bty an elastic forzo (mermmal
8. ball load,, =, , winich scis zloug wre
1line passing through the displacad
S & s
conters ol cwrvature of the o races
as shown in Fig, 28.
Tee olastic doformations at the points of contzct are o/ and bfT and
o) v ¢
trho sux of those two equals the normal approach ¢f <he twd races. Since
tke ourvaturs centors are fixed with respect to ihoir raczs and move
with thom, the original distance botwosn racs curvature csnter*,.ﬁgc/,
is insrsascd by the normal approach of the two racss., Calling tko norzel
epprexcn of the two racesc/" s the distance tetvwzsn the Gisnlaczd curve-
~
tutve canteors iss
0~ Bdfc/‘ Eq. o
, N
ors ' (/‘ = D-8Bd 2q. 147
>4
Tho rolation between normel ball load a&ad normil zzprosch iss
3,
/D - J'/Z w. . 14‘
(o] N A -~tve ]
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. - -—
waerc the value of A is, from B¢. 143:

N

4 L%
,ﬁr — 62//é></C)‘J
N
Fororter o) 2
sl g;p. are obtained from Chart 56.
[ .

&(\

/{V zay be more conveniently expressed in terms o

stent, A/, by the relation:

Kl %
N E 7

Values of 7 may be obtained from Chart 57. Sse ?

T the cxiegl

N8120R:72-038
Page 24

In a compliete ball beering which involves a mumber of ball

diswoscd around a pitch cirels, the normal locd on any ball and Ihe
a1319 at which it acts may be compietely deternmined end evaluazad i
0f the following relative displacements of Inrar 223 outer races.

Figz. 29 shows
are measured

thrust lesad,

of inner =:

Ao S o~
S 9,.4.310 vit1C ) oe\nl

=3

- - - 3

ive sxigl disple
B Ly
TG UGS T Iaelos,

and outer reces.

of inner ax

whese displecenen
with refv‘u“ce <

tive position of inner and cute
when all guarts of the bearing a
ewvric contact wnder zero

4

Some of tas dimsnsions used in

C::j:::j ~ lowing discussZon are:
: : , : of the 4

The radius

Tocus of L}

Fig., 29 ' center of curvature of Inner

, }“

1y 5/6/ vcu/

1 deflect

v

ion con-

2) A reletive redial dlap*acement /%
: n& outer races, '

3) A rolativs anguier misalignment,oy,

e 1n

2

race:

e
felé e *51



G. Mironenko N8120R:72~-038
May 1972 Page 25

where: zfr = pitch circle diamaior,

u

by Lad

The radius of tha locus of itne center of
curvature of the outer race:

./-. <7 - E o
/?o:—:R‘--"ﬁd\,OJ > q
and are also connacted by the relations: .
- — = 5 7 2Ge.
R-R,=Ed Cos /7 | 4

and; /‘?{.-/?o = Bd- f.’_’ Eq.

-

vhere: /;D Diametral Clearance

€L -

T o express’ the normal ball loads and oseratvin: contact angles
ceveloped within the bearing in terms of the relative displacements of
+ -

(%

[
o]
jeN)
®
o1
ct

o
—av
ne inner race witn respect to the outer, the Jcilowinz systen is used.

Thia outer race 1s assumed to b
aliowed to move with respect to the
bcll load and opsrating contact angle for

@
ck iy

around the pitch circle from the heaviest loaccd ball,ere obtained tw

evciuating the change in distaonce. between imner and cuter race curvatiure
centers in terms of the displacements showa in Fig. 29.

A

Fig. 30 snows the relative position of inrner end outer race curvaiur
center locl before displacement. The locus o the ouier rece Curvaiures
cenvers is a circle in space and is referred ©o & fixed, thres dimensicnzl

coordinate sysvcm,x Y, Z . The locus of tLb looler rece Jurvature ceaters
is also a circle in jspace and is referred to tie¢ movabie, three dimensicnal
coordinate sys ue'n,x )’ ‘7.

uze that the origin of the movable coorcizate sysiem Is
s end X and misaligned the anow.w X as & :
spiacements are those previously snown in

ig. 31, the heaviest loaced bell lies in t-u X Z plene. We are in-
cerested in the normsl ball loed, A~ , and cpoouting convact &ﬂc*e,/<7
of a ball lying in the }7 plene. This is ZJetermined by the relavive
nozitions of the interseciion of the two race curvature Zoci with iho
piana,

154
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The aistaence, D, Fig. 31, betwsen the cestcrs of curvaiure of the inmner
and outer races _fuer cispl&cem nt and measured I the ¢ wlane is:

D= 50//(5/}‘7/‘{; +ha X ,/?‘ Cos ,///'z-r’ﬁ‘osﬁ; ~ A Cos (/) g

vheres

/
c]/:.“."fi.
od
,6 ,/ and ¢ being the threé dispiacemecnts of irnes —ace with TESDCCT VO
ths vht@;, Fig. 29. ¢ is messured in redisns, /< is the free conitact

engle of the mounted bearing before losd appiicatiiocn.
The normel adprozch of the races c/h is, from Ig. 47

|

—
N:EQ/L /ﬂ/f‘v‘/z +q//? Cos;ﬂ} f(Co_,/u AKX Cosyo)

—
Thelnormal ball load, /63, is, from Eg. 1/3: .

e R

/ A . ’ ’ 2 N 2 e
R K (6% [Grfg #5 s o R Cos g s(Cos i 1K Cos ) =/

1y

TETO ,W&J is the normal deflection constent Irom Zg. 1£9.
Tre normal boll load nay be more conveniently exgicssed in terms of The
sxisl deflection comstant, /A, es:
l.._ A
s NG 1 2

Vaicc: of A ey be obtained frow Chart 57.

N8120R: 72~

038

Zg., 135
‘Bg. 156
Zg. 157
zg. 158
2g. 159

DA 1L
d-l\.‘. b
- -l
B

LT 4Ou
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: - -7 .t RS- B SO, 20 s :
The operating contact englic /v of a Bull positicued in The §7 plane s
. v ’ . . )
. ﬁ s < L - s D .y - .
5%7/9 /77 NIt I ' Zg. 4%

\/ﬁ»mﬂ #2745 Cas /) +/Cos(G, +tA Cos ¢)?

or:los/8 = Coo/G L Gos e : Zq. 163
\//5”7/ h et 7 Con D)y (cosﬁ,fk"cos Pz

I the normal ball load, /Do , which acts at the contacs angle /:' (along

NS 3

the line /U in Fiz.<31) 4s projecicd ontc the X X plaze ia Fiz. 31, it

ray be resolved into two components. Jae is & thrust Jor S

to the X axis. The otner is a vertical componeny, \/, o
Z - oxis.

The thrust component, /A7, is:

tu
Ke)

- : H=F3 S /2

o
-

H = Y >4 ,—(5#7/)’ A fc“/? Cos/) # C"o.;/’ - (,a) ' ,//7/" 255 ,‘CIIP Cos ;/f — -

\/@//7/7’ 1‘/7 r‘q /C) 60547 ’L//:’/S/J 7‘/{ Cos (/‘/

,\Nu

The vertical component, %/, is:

V=A Cos /2 Cos ¢ B¢. 1%
!
or
Z
1 < 3
e Ao /5/ﬁ/? ) r"c’f,PCOS(/?) # (aS/’ sk Cos )%~/ | (Co:/’ 7-/' 5569 Lo5 P o -
e wawi
. 4 / < /
\/6’5//7/;(’, Y fq’/ﬁ?- C‘osf,ﬂ "‘foj/ig:‘A Cos (ﬂ)“
If it Is assumed that the pitch cirels ridius dcsz not copreciably crhango
during the deformations, tha moment ¢l tha tharusi comsouont cbout cn axes
th *ou"‘x the center of the pitch circle and zarallel %o ihe Texis in
iz, 31 is:
// "‘ v 2 Cos ¢ ' 2z L&

3N -t - \ ‘e o T . g - -
where £ 15 thne piten ¢liliv dicneter.
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l/“

i £ !\/(Z)/nﬁ /2 y‘af Cosg&/ f‘vus‘/ 24T Cooil) -/ ‘{,/,,p +75 fc, / Cosplasii.  -ig
7
Tz : 7 .
/@/f?ﬁo»/ﬁ ref 17-Cos {,0)3@5/:5 1A Cos ) ?

In orcder thal the bearing be in equilibriinm after c;spl& zent, tae fol-
lowing conditions must be satisfied:

-~

— %.'

E’f_“;’n/%’ 1A v 'Ry Cos @ uCos A Cos ) *—1 " (Spn B0/ Re Cos ) 5. 110
\//55/}7/'{,’ whr it R Cos 02) H(Cos 3, 14 Cos )2

SHKd®

f@’/ﬂﬁ »5 fdﬁ Cos @) (Cosm 1k Cos o) -
\/(5//7/3 2 brg R < Cos ) 7»(6&,/: w K Cos )?

“&
&
&
h!

18
o
(»
&;
0
Q
G}
AN

SyHd "y S

RE/
; 2z, .
E”(C/‘ I—/@/nﬁ *6 f—o//? Cos //j f(fc‘:s/g)//{’ ’Co_, \// /:’ (S ‘T/'//’ fﬁ E ,-\( Cosy /.,/5.;“’/«’2\,;. 175

z (Gl 3 +54ct R Cos ) s (Cospot A Cos )

S

\

zuere_zf/V' and,sz/ are respectivaly the inrust exd radiel comzoznent
of the oxternally applied load end /yz,udu uomant of th

cbout the center of the pitch circle, The I in the right hard sidss
of the above equations indicates that tihc computaticas rmst be performad
for each ball position in the bearing and the sum Zaixea.

The equations of equilibrium, Egs, 170, 171, and 172, above, are
icdeterninate; that is, a direct solution fci the displacemonts i
of the externally applied loed is not possibie witrout furtiner re
ol the equations,

ically
s
c

st
.
ds

&

p, Yoo

B

PR
v v
te
ico
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III. NERVA APPLICATION

The E13101 computer program was originally used for parametric
analysis of various models. If the rotating mass is less than 1/10
of the stationary mass of the pump, the natural frequency predictions
will be within 5%, if the bearing spring rate is properly modified for
housing support flexibility. Once the model is selected one can use
E13112, where the bearing spring rate can be varied due to preload on
the bearing, and thé bearing load can be calculated at operating speed.
E13102 can be utilized for parametric studies of light housings where the
rotating mass is greater than 1/10 of the stationary mass. The final
analysis should be performed using E13104 which is the most expensive, but
the most accurate program. The bearing program that is attached to this
program E13112 is old, and a better and a newer version of R. B. Jones
program should be used. The spring rate should be input in the K = A(P)B

form.

Once the model is built one should run the non-rotating vibration test
and compare the results to the output from the computer run of the same
model, only omitting gyroscopic effects. If these results are close, then

the operational predictions will also be close.
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Example:

Figure 3-1 presents the critical frequencies versus bearing spring

rate for the dual beam on spring support model.

Figures 3-2 through 3~7 present the associated normalized mode shapes

for frequencies presented in Figure 3-1.

Based on these figures the following can be concluded. The first
two frequencies are primarily housing modes and are below the possible
operating speed. The third and fourth critical frequencies are bearing
related rotor critical speeds. The fifth frequency 1s a coupled rotor
houéing mode and the sixth frequency 1s primarily the classical rotor

bending critical speed.

Table 3.1 presents a comparison of the rotor only model that was used

for preliminary evaluation and dual beam model used for the final analysis.
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TABLE 3.1

COMPARISON OF CRITICAL SPEED PREDICTIONS

E13101 E13104

~ ROTOR DUAL
ONLY. MODEL BEAM MODEL

2360%

3420%

40210 38060

41810 42480
484TO*%

58720 . 58420

* Denotes frequencies that are primarily mount related and

do not produce bearing loading.

** Denotes frequencies that are coupled motor housing mode

shapes and do pfoduce bearing loading.
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APPENDIX A

PROGRAM E13101, VIBRATION ANALYSIS (FREE VIBRATION ANALYSIS OF
A SINGLE, UNDAMPED LUMPED PARAMETER BEAM) USERS' MANUAL AND SAMPLE
OF INPUT/OUTPUT
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I, INTRODUCTION

EL310l, a 360 FORTRAN program, replaces 14009 without changes
in 10gic .

A. Problem to be Solved

The purpose of this program is to compute the natural modes
and frequencies set up in a uniform shaft rotating at a constant
speed. Studies can be made of shaft performance at various

speeds,

RBR. TInitial Information

Geametrical and mechanical properties of the shaft are

provided,

Ce  Problem Solution

"This program solves for the Eigenvalueé of a 4 x L matrix

using the Frequency Iteration Method.

De Restrictions

The nunber of stations must not exceed 50,

II. PROALEM 3SQLUTION

)
(a3 = {55
\Z
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Compute {D] foxr successive values of w

until
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III. INPUT/OUTPUT

A. TInput Formatb

= (Bl [F] (Bl (8}, 4

1. See sample input sheets,

2., Input Instructions

CARD 1:
Columns 1~70

T1l=72

CARD 2:
Columns 1=2

-1l
15-26

29

May be used for cass ldentification,
or may be left blank, as desired.

Contain the number of stations. A
right adjusted integer not to exceed

50,

Contain the number of modes desired
from this run; a right adjusted integer.

Contain the value of the trail mode in
floating point fo:matA(see note below).

Contain the value of the svep size
(Aw), in floating point format.

Contain 1 »if p = 1.0
2 »if Y = 1,0

Contain value of the subsciript m.
Contain value of the subscript n,
Contain vaiue of the subscrips r.

- - SCIE § Iy s D e o ~
ntaln value of the sudsceript S.

[
O
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ARD 3:
Columns 21-12  Conuvain the value of 11.
13~2L Contain the value of 1.
25-356 Contain the value of EIl'
37-48 Contain the value of EI,.
L4,9-60 Contain the value of Gy .
61=-72 Contain the value of Gye
CARD L
Columns 1-1l2 Contain the value of Cl’
13-2L; Contain the value of Cse
25-36 Contain the value of IJ.
37-h8 Contain the value of Iye
L9-60  Contain the value of Wy
61-72 Contain the value of Kye

Cards 3 and Ly 5 and 6, etc., are taken in'pairs; one’

pair for each station, and are all floating point

mumbers identical in format,

NOTE: TFloating Point Format: A number of the-form
FXOOXKXE + XX with the decimal point assumed
ihmediately‘to the right of the sign. The sign
position may be left blank if the number is

, positive,
B. Outpuit Format

1. Sece sample output sheete.

Restrictions

le The number of stations must not exceed 50,

Timing

le Running time is largely a function of the numbor of stations
and the number of iterations required for convergence but

snould not exceed 0,5 minuue por root.

CAUTION: Values for KN should be careldly choscn. Large values may

cause overilow waich will lead to ervoneous resulbs.
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This adaendum documents changes to the input for Program EL310L,.

Card L K¢ (Moment spring constant in units of 1lbs.in/rad)
must be input at the former location of IJ.

Ix--IJ must be input at the former location

of Ixo

Cards 3 & L A repeating-card option has been added in
columns 73-7he If the data at succeeding stations
is ddentical the number of stations can be punched
in columns 737k (right-adjust integer format) and
the card will be repeatedly read and the data
stored in locations corresponding to consecutive

stations.
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The modilication described in this supplement supercedes and obsoletes
Program 14029, Program 14029 is now included in Program F1L3101.

INTRODUCTION

This repori describes a modification to Program E1310Ll which

allows the user to specify optional sets of input data.

PROGRAM MODIFICATION

The essential feature of the modification is the addition of

SUBRQUTINE C@NVER.

Heretofore input data consisted of incremental

shaft lengths (AL, Lys Ly), stiffness (EIl,EIz), shear modulus

( ), geometric terms (Cl,Cz), inertial temrm (IJ-IA), weight tem
(1 ), moment spring constant (K ) and the bearing spring rate constant
(h ). CANVER camputes these data from & set of input consisting of
AL, Rys Rps ps By (IJ)EFF and Ky, where:

AL = Incremental shaft length (inches)

Ry = Quter radius of shaft (inches)

Ry = Inner radius of shaft (inches)

0 = Density of shaft (Ibs/in’)

E = Toung's modulus (lbs/inz)

(IJ)EFF = Effective rotatory inertia (lbeinesec ) X-IJ
Ky = Bearing spring rate constant (1bs/in)

AWi = Weight term for cantilevered shafts (1lbs)

KQ = Moment spring constant (lbsein/rad)

This is accaomplished by solution of the following equations:
A= /3 A = -’Qg ?')
RI ) 3 4 1189 O"RI

- 2 2,,2
B, = <390 (L+a+AT)/(L+4°)]° + .73(43+A) A€ .3

P~

. e 2 2,,2
DI = ubQ; ‘\l+.‘\.+ﬂ )/(l""l‘i )_‘ f& > .3
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2o c1 =0C, = BI/AA

]

30 11=L2"AL/2

o = 2 .2
Lo W = pALn(Ry-Ry) + AW

5. EI., = LI, = En(Rg*-l—?,lI")/lL

6., G =G, = E/2(1+v) where v = .3

A. CARD 1

Columms 1=72 Identical to that described in E1310L,.

73=7h Optional input flage
If the input data is in the form described in References
1 and 2, leave columns 73-7L blank.

If the input data is in the modified fomrm, place an
integer "1" in column Tl.

Y

B. CARD 2

Identical to that described in E13101.

C. CAT 3

If Card 1, Column 7L, is blank, bthen the input for Card

3 is identical to that described in E1310L,

If the optional inpubt is desired {i.e., Card 1, Coluwn
74=1), then the format is (See Seciion II for symbol definitions):
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Columns 1=3 AL
10=18 R
o
19"”27 &
28=36 p
37=45 E
55-63 Ky
6li=72 AW,
~80
73 K@
The invut format for the parameters AL to AWL is:
HXXXEHX
The fomat for the variable K¢ is: -
o+ )

Decimals are assumed immediately to the right of the sign.

Do Remaining Cards

If the optional input is desired, a card identical to
Card 3 must be input for each of the stations specified on

IVe. OUTPUT

/
The output format is identical to that described in Reference 1,

Changes in the ocutput parameters are noted below:

T.).nns 1S output under the heading J.
J O RFT y
‘.‘I\J is output under the heading W.
1
Ky is output under the heading K(Y)
V. AESTRICTIONS

The orogram is limited vo materials having a Poisson's ratio of

0.3, Other resirictions are noted in £131CL.
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408 E1 3101 VIHRAT IO ANALYSIS

TASK 3 14029 CHECK CASE 6=-17-66 NUMIER OF STATIONS 15

Kk M N ® S SKiP

LM Eh OF MOOFRS 1 THLAL O% GA %0 DFLTA CMEGA 0+500000000D 02 2 1 2 3 Y e}
L) - tt2) FI1(t1) EI1(2) G(1) G(2) )
o
C.240C20042CD 0N 03482000207 069 NeH19079300 07 046192079300 N7 N.11153847D0 08 0.,11153R847D 08 “
CaGlinGnN0N-01 0eDIBCNONDD~01L 0722167770 0O7 0.72216TT?D 07 0.111%3R470 08 Na111538470 0K ﬁ
NGt 3A527 060 OF 0.t C2CO300D 01 0914478350 07 0.214478350 07 0.,11153Rr470 08 0.11153847D 08 }oe
Co€T700000Q00 DO CaS72L0090,3 00 0.1894 36920 0F 041494345320 N8 0.111534A7H 04 02111530477 00 0
Ca2tCCCLCON N 0.,210C0CNnNODND 00 0sR74983RB2D 0OH 0.N74983820 0R O41118538470) 08 D.1119530467D 08 t
T4?70506600D 00 C.?483CH0NCD 09 Ne11472319D 09 Nell1a72319D 09O Ne11153847D 0N Q0113157471 08 %
N.,21025.0C00 00O CG.210CNCCOD 0N 0.802317400 08 0802917400 928 0111538470 08 Oe1118383470 0OF o
o

Ca260CNG0CD OC 0362000500 00 0.261405000 O0A Ne26140500D 08 Ce11153R47D 08 0.1115368470D 08 m

NeT5HNONDGCCO DO Ne557CCO0ND 00 C«2/1495000D 01 0421405000 738 0111528470 08 0.111538475 08

TeleE020C0n N0 O.125C0BNEDD 09 0eS7R45453ID OA 0.578454530 0OR 0111538470 0A 0,11193837D 08

Te240CH0C0HD 00 Na2anGNRO0D 09 0725297210 07 09225297210 08 0111532470 08 0111538470 08

CesT02I0CGN-01 0.920CQ0000D~01 064925297210 08 0,.,925297210 08 0111538470 08

N.111538470 08

0111536470 On

Cea5030CCH 00 0.340CGC0CGD 0D 0.92%29721D 0¢ 0.5252972l0 o8 O.111538470 08

CaT203CCOD 00 0,370C0020H NO 0.925297210 08 0.,22529721{D 03 0.,1115383470 08 Oe111538470 08

£e2253£0C0D 00 0.325C20C0D 00 04925297210 OR 0.925207210 08 0.11153R47D 08 0.11153R470D OF

PO

P

...._...-.._.........._-q_.._....,.-_..\._,,._\

< T oct2) K{PHT) 2 w KLY)
C.201458300 01 0.2n245538n 01 0.0 0.0 0.179486230 00 0.35000000 07
G. 190536300 01 0.156526300 01 0.0 0.0 0.609193300~-01 0.0
CL.GTAZDTOLID 00 0.9792307C1D 00 0.0 0.0 0.101443500 01 0.0
£.4127658C) 00 0.435745200 00 0.9 040 0.826769400 00 0.0
2.14008685D 00 0.180Caca9n 00 0.0 G0 0.737055330 00 0.0
G.2169%164D 00 0.2185016680 0N c.o 0.0 0.27192119D 01 0.0
C.806R5E25D 00 0.495£95255 00 6.0 0.0 0.525527980 00 0.0
0.51841 250 0O 0.933418280 00 0.0 0.0 0.41781399D 00 0.450000000) 07
C.G3IB41FING 00 0.93841 9229 00 0.0 0.0 0.€3771542D 00 0.0
0.€1520G¢10 00 €.51520951D0 09 0.0 § 0.0 0.252377830 00 040
0. 443512930 00 0.43351293n €0 0.0 : 0.0 0.5372123an 00 0.0
£.493912510 00 0.49351293> 00 0.0 %. 0.0 0201454620 00 0.0
0453512090 00 £.083512930 09 0.9 0.114200000 00 0.BAEL0509D 01 So0.0
0.,4225126790 00 04493512910 00 0. 0.0 0.8268202360 00 040 -
H.482512530 00 0.4235120630 00 0.0 04110000000 00 0.85274750D 01 0.0 éfi
2
' £2,
OMFGA = 0.0 DETERM = 0661348800 15 o
OVEGA =  0.500000000 02 DETERM 3 ~0.65187035D 1S 2’1‘5
OMEGA = 0.100700000 03  DETERM = —0e611359766D 15
OMEGA = 0.15000000D0 03  DETERM = -0.577016560 15
oY1 GA = 0.200008000 03  DSTERM = —0,.51202974D 15
GH7GA = G.230020700 03 DETERM = ~044324656360 15

[ A IR A [R5l S 11T [ T SR

T e L
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OWFGA = 0.35000000D 03 DETERM = -0,22681A7740 1%
OUFRA = 0,A0000000D 03 DETERM = ~0,10797321D 18

CU™GA = 0,450000000 03 DETEAM = 0,2164642200 14 ‘
3
MMEGA = 0.441709650 03 DETFNM = —0.542175770 12 B
DYLGA = 0.441912920 03  DETERM = -0.233994500 10 Q
DUYGA = N,44171392D 03  DETERM = 0.264774000 04 a
e
NUTGA = N.441013820 03 DEYCAM = 0.10096n009p 02 5oy
0w Ga = Cand11 3320 03 DETERM =z -NeINVGNOOLD O ;’l !
CMEGA = 0.44191382D0 03 DEYERM = =0.200000000 o1 @'P
L
OMFLA = N.64191382D 03 DETERM = 0.0 H'!
OMEGA = 0.431G13120 03 !
. v ‘ N PHIL : 4 ' {
0.9 0.0 04100000200 01 -0,861160930 00 |
0.419722767 G7? 04132794140 07 0.,960788%4D 00 . ~0,18036102D 01 5
Cet19740450 07 0.2168369770) 07 . 0.915777240 00 ~0.207888260 01
0.413313Fa 2, A7 0.107644520 08 ~0.546323610 0O ~0.349901065 01 ‘
DLADELILIASY By 0.154458870 0AR ~04154567210 01 -0.251387410 0} i
G.408909¢L32) OF 6.17154293D 08 -0.162492450 01 ~0.187569320D 01
0.67912:7239 o7 0.234426050 08 -0.195103770 01 0.742284310 00 i
0447265655, a7 0.251304740 08 ~0.2028075A0 01 04150563620 01 {
DRI AN S PR 0.245074310 01 -0.273591900 o1 0.327412319 o1 !
~0 SRR LN 07 0.1A2129200 03 ~0435343797D 01 0.733165920 01 {
~DeHNATRTSOD L7 0.1679595240 08 ~0.37100252D 01 0.831520970 01 f
~0.5175641953 n? 0.14107455D 08 -0.379014920 01 0.102324260 02 ;
~0.84%CITB96) OF 0.13112216n 08 ~0.38166226D 01 - 0+109602070 02 )
—0. 337282993 67 0.67100973D 07 -0.148209490 01 . 0.137133385 02
~0.307212558) Q7 0.434428660 07 -0.393211220 o1 0,167105393 02
Cof?5235:73=07 0e12246A8920-05 ~0.3945A180D 0Ot 0.193163595 02
EMT OF CASE
1]
[GIJERT ;
G g
i r,
O oL
b
TR
<
94
G
BEEo
< A P;




APPENDIX B

- PROGRAM E13101 LISTING

-

¢



e sk ae i

FVEE, 5239990 2,200 CIsT E13701 ' T

©9 RUN FYEE,428999,2,200 | LIST E13101JA,
[N - .- .-
B CTL UNSE13101 T o T T T

R ASG X=ANL149
ANB149 ASSIGNED UMIT 2

BN HDG - - : e

NATE 25 APR 72 'PAGE 1

__25 APR 72 __14:46:09.459

- 25 APR 72 14:46:09.459

25 APR 72 14:46:09.540

25 APR 72 14:46:09.553



2

9 XaT CUR o L o . 25 APR_72___14:46:00.554 N
1. PEF X 14246309

T 2. T INX T i T 1446110 T T - o

_ __END OF FILE == UNIT X~ . e .
3e LIST & 14246211



W@ ELT AERO/STEVE(1:7i0407, 52140

0co0d1 TASK 3 14029 CHECK CASE 6-17-66 . 15 1

¢0coo02 1 O, 50, 2 1 2 3 &

0060083 «H8 +78 56 285 29.E+06 3.5E+06 - _

U6006% 18 .78 48 «285 29.E+06

00C005 2,06 « 80 <30 285 29.E40h

coQo06 . 1ol + 90 . o0 . «285 . 29e€+06 NN

000007 U2 1.40 o0 + 285 29.,E+06

necocs 1,56 150 W40 +285 29.E+06

gueeos . 42 1440 e 75 . 0285 . 29.E+06 . ____ __ . . — - o R .
0064010 72 1.10 «75 02285 P9.E+06 4.5E+06

0000%1 1.10 1.10 e 75 2285 29.,E+06

03002 025 1.30 75 0285 29.£406 N
SLoUls 48 1.50 1.00 285 29.£+06

030014 +18 1.50 1.0 «285 29.E+06

touoLsS 68 1.50 _100 . «285 . 29.E+06 L1142 R 8.1 -
(this1eB a3 . o 74 1.50 1.0 285 29.E+06

000017 «65 1.50 1.0 «285 29.E+06 J11 7.8



W ELT CONVER.,19710407,» 52141
660601 - TTSUBROUTINE CONVER(NSTAYDC2,DC1DKN,DL2,DLT/DUN,DIX DEI2 DEIL»DG2, 00002040
609002 1DGLiDIJs*) 00002050
pUL0a3 _IMPLICIT REAL#B (A=H,0=2) 00002060
ou000u DIMENSION BC2(50),DC1(50)DKN(S0)»DL2(50)sDL1(50)»DWN(50)¢DIX(50),00002070
L6605 - ADEI2(50)DEI1(50).D62(50),D61(50)+DIJ(S0) 06002080
oBeNos plo= 3,1415G2653589793 .. o000p2090 ____
03V0BT 00 50 N=1¢NSTA 00002100
090008 READ (5,10) DELTALsRO'RIIRHOVEIEFFIJsAIKNs DLTAWL » AKPHT 00002110
¢30009 _ 10 FORMAT (8ESQ.urE8.4)_ e — e 00002120
0635010 RIZRO+%2+RLu%2 00002130
Uono1tL RE2ZRO**Z-RI%%2 00002340
032012 o pD=R1/R2 . opa002150 .
LUBG1L3 A=RI/RO 00002160
000054 AARZPIXR2 00002170
000015 i ) B = 0.8888888888888889%((1.D0+(1.0D0+A)%A /(1.,0D0+A%%2))%%2 Q0002180 _ ___ _._
0016 IF{A.6T.0.3D0)6GOTO20 00002100
VU317 B = B+ 0.7333333333333333%{0,3D0~A) oeon22ng
couoLs 20 DUCRINISB/ZAA o e 00002210
0uGU1L9 DCLIN) =DC2(N) 00002220
0Cc0020 DKN(M)ZATIKN 06002230
050021 DL2{N)=DELTAL/2.0D0 i 000N2240
yupo22 DLI(N)=DL2 (N) 06002250
000023 DUNIN) ZRHO*DEL TAL*R2%PI+DLTAWL 00002260
uIN024 DIJ(N)=AKPHI e o 00002270
gIub2as DIXA(NIZEFFIJ 00002280
Ga0U25 DEI2(NY=E#PI%0.25D0%R1%R2 06002220
600027 DEIL(N)=DEI2(N) N e i .. oon02300
000028 DC2IN) =0, 3846154D0*E 00002340
$0U2629 50 DGL(NIZDG2(N) 00002320
450030 RETURN 14 e o _
YLuo3L END 00002340




e e e o s b == 4o

T 090001 T

0Co002
000003
Qcoo0y
0Guoos
- poacoe
003007
004eas
00C0CY
QU000
0006011
caoriz
000013
000414
440015
oooclie
000017
goeols
Guuols
Goo0zo
cuLo21
300022
600023
300024
000028
gouo2as
goaoay
202028
U029
013630
0003031
000032
060033
000034
36003%
0000635
GUoUs7
000038
QoL 39
0000y
200041
CoudLz
VOR0LS
ocooLy
800045
COOOkG
gonosy
aaeoss
nocous
goo06son
$CQos51
Lougsz
GOO0E3
00005%
00005%
000055

W ELT MAIM,1,710507s 61552

OOO0O000

OO0

[eXeXg]

JOB 14009 VIBRATION ANALYSIS 00000000

o ) o S , o 00000010

IMPLICIT REAL*8 {A=H,0~2) - 00000020

DIMENSION TITLE(12) 00000040

_ DIMENSION DL2(S0)s0L2(50)eDEILL{S0) ¢ DET2(50),D61(50) ¢NG2(50)NCL(S00000N0S0

1)00C2(50) +DIJ(S0) 1DIX(S0) s DUN(S0) s DKN(S0) s EXMTRX (4 1 4) »E2MTRX (404) ¢+ 00000060

2AMATRX (4 ¢4) s BMATRX (84 o 4) » CMATRX (44 8) s FMATRX (45 4) s DLMTRX (4 + 1) » SHMTRX0000007C

C3(4»1) o NREP(2) o o 00000080

COMMON DL1+DL2sDEI1+DEI2,061+DG2,DC1,DC2sDIJrDIXsDWNDKN/EIMTRX, 00000090

1 E2MTRXs AMATRX»BMATRX » CMATRX s FMATRX e DLMTRX # SHMTRX » SUMG » OMGSQ 00000100

1 FORMAT (11A&+A%»212,01) S o ' 00000110

2 FORMAT (12,2D12.7,513¢29X712) 00000120

3 FORMAT (74H1 JOB E13101 00000130

1 VIBRATION ANALYSIS///) o L 00000140

4 FORMAT (6E12.7) : 00000150

5 FORMAT (36H 100 ITERATIONS AND NO ROOTS FOJND ) 00000160

6 FORMAT (1H ) L . _ . .. .. .. oooo017v0

7 FORMAT (14HO END OF CASE ) 00000180

8 FORMAT (6£0H0 OMEN0000160
16A = E18.8///7) e o L 00000200 . __

9 FORNMAT {35H0 OMEGA = E15.8¢12H DETERM =00000210

1 E15,8) 00000220

10 FORMAT (15H ... E15,8s14H _ E15.8¢14H 00000230

1 £15480 14H E15.8) 006000240

L.OGICAL DIJFLG

11 FORMAT (110H v M 00000250

1 PHI Y) 00000260

22 FORMAT (6(6H £15.8)) 00000270

101 FORMAT (1H +8Xs11A6sA424X20HNUMBER OF STATIONS 12 ) 0nNN0220

102 FORMAT (1H0,92X26HKK M N R S SKIP ) ' 00000290

103 FORMAT (1K »4X16HNUMBER OF MODES T2,5X13HTRIAL OMEGA E15.8, 00MN0300

1 S5Xi3HDELTA OMEGA E15,8+3X5I3,8XI2 ) 00000310

4098 FORMAT (1H1) 00000320

4097 FORMAT (1H ) 00000330

, o o . 00030340

DIJ = K(PHI) 00000350

DIX = I(X) = I(J) _ : 00000360

o .. 00000370

06000380

PROGRAM STARTS HERE ==== INPUT HEADER AND NUMBER OF STATIONS 00000390

v 00000400

PI2 = 6.283185307179586 00600410

30 READ (5,1,END=1000) TITLEsNSTA+INFLAGsDIJFLG 00000420

00000430

INPUT NUMBER OF ROOTS DESIREDsTRIAL ROOT,STEP S.ZEe AND SUBSCRIFTS ~ 00000440

. 00000450

READ (5:2) NOMODE s TROMGA s DELOMG» KK e KMsKNsKR: KS»LSKIP , 00060460

60000470

PRINT TITLE 00000440

‘ ) o o _ 00060450

WRITE (6,40698) 00000500

LINE=1 00000510

DO 555 II=l,LSKIP o 00000520

WRITE (6,4097) 00600530

555 LINE=LINE+] : 00000540



a7
¢Jodona
C00c59
0C0Ce0
0ougel
900062
- G00Us3
304054
000365
630055
000067
606068
- 000059
0000670
300071

000072

V0073
CU0DTY
006075
G0COTE
000077
nGO078
3LCOTY
03080
2035081
300382
9020633
oreoss
0G£085
165686
J00087
ICH038
0Gu08S
000030
000091
000592
030693

0Lo05H

¢L1095
006096
000097
6oC398
062999
000500
06c101
030102
000103
000104
00U105
000106
000107
20vi08
0GC109
060110
000111
000112
000113
00GLLY
0C0115
600115

[eNaNg]

wRITE (6.3) e o S 00000Ss0 . L e
LINESLINE+D 000N0560
C 60000570

C PRINT HEADER AND NUMBER OF STATICNS - - e .___ .. Gooo0S80 ___ _ o
C : 00000590
WRITE (€r101) TITLE,NSTA 00000600

C_ . e . _ S ¢ 10 102 111 2% ¢ S
C PRINT SUBSCRIPTS CARD 00000620
C : 00800630

U WRITE 6e102) e ee______ _ONONO&NKO . . . I
WRITE (6+103) NOMODEs»TROMGADELOMGeKK#KMpbNoKR2KS2LSKIP 00000650
LINE=LINE+4 : 00000660

. IFf (INFLAG.EQ.1) CALL CONVER{NSTA,DC2sNCL.DKNeDL2sDLIPDWNIDIXe __ 00000670 o i
1 DEI2/DETL,DG2+,DGL,DIJr%100) 00000680
00000690

INPUT REMAINING DATA s e 00000700
000N0710
DO 50 N=1.,NSTA 6onoo720

o CALL REPEAT(DLL(N=1)oDLI(N) o DL2(N=1),yDL2CN)yDETL(N=1)sDETLIN)»DET200000730_ o L o e e
1(N=1}oDEIZIN) »DGLI(N~1) #DGL{N) +DG2(N=1)+DG2(N) s NREP(1)) 0n0n0N740
50 CALL REPEATI(DCI{N=1)s0CIINI»DC2IN~1)-DC2011)DIJ(N=1)sDIJIN) e DIX{N=0GO0O0750

o L1 e DIXANY o DWNIN=1) s DWN{M) e DKN(N=1) s DKN{N}) {NRERP(2)) _ ___ L 000N0T760
¢ 60000770
C PRINT STATION DATA 00000780

c . . . il R ... ... 00000790 _____ . o

100 CALL STAOUT{(DLL1.,DL2,DEI1,DEI2/DG1,sDG2r1r136HLI1) LL(2) EI(1) EX(

12) G(1) G{2) +WSTASLINELSKIP)
 CALL STAOUT(DC1,0C2,DTJrDIXeDWNeDKNs 12 1035HC(L)  C(2)_ K(PHI)J

1w KL{Y) +NSTA»LINEsLSKIP)
TMODE=TROMGAXPI2 00000R40
DELMOD=DELOMG*PI2 _ B L 00000850 e
c 00000860
C INITIALIZE Elr E2» AND F MATRICES 0860087¢C
c_ o - . __oooonOgRO o
' DO 51 I=1s4 00000890
DO 55 J=lok 00000900
) iF{1-J)85¢56,55 B _ . empboboro L
56 FIMTRX(I»J)=1.0D0 00000920
F2MTRX{I5J)=1,0D0 00000930
FMATRX(I,J)=1,0D0 L - o . _oabo09sCc
60 To 51 00000950
55 FIMTRX(I+,J)=0,000 : 06000940
E2MTRX(I+J)20.,000 00000970
FMATRX{T,J)=0.0D0 000002A0
51 CONTINUE 80000950
OMGWRK=TMODE=-DELMOD . goooiose
DO 95 MM=1:NOMODE 00001010
DELOMG=DELMOD 00001020
OMGWRK=OMGWRK4+DELOMG S 00001030 i L )
EE = 2.0D-12 : 00001040
MCNTRL=0 . 00001050
CALL ROOT(SO) L peb01080 o _
1050 CONTINUE *NEW
IF (NCNTRL-100)83,822,822 00001070
83 NCNTRLZNCNTRL+1 e gonolomRo0
DO 58 I=1l,l4 ' 00001090
CO 58 J=1s4 00001100
IF(I-J)53s54,53 . gpnot110 o _ } o
54 CMATRX(I»J)=1.D0 00001120

G0 TC 58 ' 00001130



© e e S a e

000117
gcciis
000119
003120
gdolal
000122
0080123
gocoias
560125
000126
000127
0o01lz28
600129
000130
000131
600132

605139

080140
000141
000102
500163
GUGIUG
UouU1Ls
000145
000147

gooiug

g0UL49
300150
coC151
000152

063183

ooCise
u01s5

30135

000157

0CV1E3

200159

SIAVRN YY)
30016l
vdcie2
000163
060164
2031e8
JCOLEE
500167
060iz8
guoise
006170
goGL7Y
350172
060173
0C0174
0060175
5C0176

53 CMATRX(1,J)=0.00
58 CONTINUE
OMGSG=OMGWRK *OMGIWRK
SUMG=0MES®/ 386, 04D0
DO 69 N=1oNSTA
CALL MATELM(N,DIJUFLG)
CALL MATMPY (EIMTRXsCMATRX eAMATRX s lolplolrl)
CALL MATMPY (E2MTRXeFMATRXsBMATRX sl o lsliols)
CALL MATMPY(BMATRX»AMATRY»CMATRX p4rlielrlyel)
69 CONTINUE

DETNOVI= CMATRX (KM pKR) #CMATRX (KN +KS) =CMATRX (KMo KS) *CMATRX (KN#KR)

OMGPRT=OMGYWRK/PI2

IF(LINE~{80~LSKIP))S58¢556¢556
556 WRITE (6:4098)

LINE=1

DO 557 II=1»LSKIP _

"WRITE (654097)
557 LINEZLINE+1
558 WRITE (699) OMGPRT.DETNOW._
LINE—LL!,+2
CALL ROCTB(OMGWRK ¢DELOMG s DETMOWEFE »KKK)
IF {FALSE.) GO TO 1050 _
IF(KKKI822¢82: 822
822 WRITE (6:5)
G0 TO 30 . .
82 DLMTRX(1,1)=z0,0D0
DLMTRX{Z2+1)=0,0D0
DLMTRX(5:1)=0.0D0
OLMTRX(4,1)=0,000
IF{KK=1)666+666+667

666 DLMTRX(KRr1)==CMATRX(KMyKS)/CMATRX(KMeKR) _ | _.

DLMTRX(KS»1)=1.0D0
GO 70 668
6567 DLMTRYX(KR¢1)=1,000
CLMTRX(KS s 1) =~CMATRX (KMeKR) /CMATRX (KMsKS)
OMGPRT=OMGWRK/PI2
668 WRITE (6,8) OMGPRT
WRITE (6,113
WRITE (608)
WRITE (56010) ( DLMIRX(II,L),T1=1,04 ) _
WRITE (6+6)
LCYR=0
DO 95 Nz1sNSTA
LCTR=LCTR+1
CALL MATELM(N,DIJFLG)

CALL MATMPY (E2MTRXsFMATRX s AMATRX ;o U ptioliold)

CALL MATMPY (AMATRYXEIMTRXBMATRX rlelislotisld)
CALL MATMPY (BMATRX DLMTRY pSHMTRX el olrlrl)
WRITS (&210) ( SHMTRX{IIe1)»1YI=1,4 )
DLMTRX (1o 1)=SHMTRX{(101)
OLMTRX(2p 1) =SHMTRX (201}
DLMTRX (3,1 )=SHMTRX (301}
DLMTRX (49 13 =SHMTRX(4s1)
IF{LCTR=5)95+94,94

94 {CTR=0
WRITE (6+6)

95 CONTINUE
WRITE (697}
GO TO 30

1500 STOP

00001140
00001150
00001160
00001170
00001180
00001199
00001200
00001210
00001220
0p0niz3o
00001240
0nn01250
00001260
00001270
ono012a0
00001290
00001300
00001310
00001320
00001330
00001340

*MNEW . .

00001350
00001360
00001370
00001380
00001390
00001400
00001410
00001420
noooly3o
00001440
00001450

noo01us0 .

00001470
00001480
000014990
00001500
00001510
00001520
00001530
00001540

00001550 . .

00001560
00001570
00001580
00001590
00001600
00001610
060001620
00001630
0000t6u0
00N01650
00001660
0goN1670
00001680
00001690
00001700
00001710
anno1720



200177




006001
600002
006003
GGGadL
080C08
C320086
G388007
¢ag005
goCoue
0GL0L0
Qgoo1il
¢ogol2
000013
G0Ny
Co01
¢ti250le
000017
o0G6018
00CG19
¢0u020
(Cno2l
aooc22
CL0023
gooo2L
000625
3065625
gp0027
¢our=8
0606029
006030

W ELT MATELM,1,710407, 52145 ’ ’ ' o o T

SUBROUTINE MATELM(N,DIJFLG) - ) 00001740
IMPLICIT REAL*8 (A=H,0~Z) 00001750
LOGICAL DIJFLG 00001760

NIMENSION DL1(50),DL2(50).DEIL(50),DEI2(5N)»DG1(50),D62(50),DCL1(5000001770
1.DC2(50),DIJ(50) »DIX(50) s DWN(SD) »DKMNIS0) yEIMTRX (40 4) vE2MTRX (45 4) 900001780

2AMATRX {443 oBMATRX (4ot} o CMATRX (44 ) s FMATRX (49 4) s DLMTRX (42 1) » SHMTRX00001790
3(401) 00001800
COMMON DL1+,DL2+DET1,DEI2,»DG1,DG2,DC1,DC2eDIJ9DIXeDWN)DKNIEIMTRX,y 00001810
1 E2MTRXs AMATRX s BMATRX» CMATRX»FMATRX ¢ DLMTRX » SHMTRX»SUMGYOMGSQ . . . 00001820
61 EIMTRX(2,1)=DL1(N) 00001830
E2MTRX (2,1} =DL2(N) nnco1auo
62 EIMTRX(4,2)=0,500%DLI(NY*DLI(N)/DETLI(N) ) 00001850
E2MTRX(8,2)=0.500+DL2(N)«DL2{N) /DET2(N) 00001850
63 FIMTRX(3,1)==EIMTRX (45 2) 00001870
E2MTRX{3o1)==E2MTRX (U4 2) . e e ... ... ... 0o0O1l1lBn0
el EIMTRX(3,2)==DLL(N)Y/DET1(N) 00001890
E2MTRX (32} ==DL2{(N)/DEI2(N) 0p001900
65 EIMTRX{4, DI=(DLIN = ({DLIINY*DLI(N) I/ {6,DO*DEIL(N) )=DCI(NI/DGLIN))O0NCN1310
iy 00001320
EZMTRA(G, 1) =(DL2 (M) % ((DL2(N)%DL2(N})/(6.DO¥CEI2(N) ) =DC2(N)/DG2(N)) 00001930
1) IO ¢ 111 tA0 B S =11 X ¢
EIMTRX{%:3)==DLX (M) 00001950
E2MTRX (4o 3) ==DL2{N) ' 00001960
66 FMATRX{L, ) =DWN(NY#SUMG=DKNINY 000n1970 |
FMATRX (293} =DIX(N) xOMGSO~DIJIN) ooonlano
IF(NOT,DIJFLGIRETURN 00001990
_ . FMATRXA{(2,3)=DIX{NI%OM6GSO ... .. . __. _..__._ 00062000
FMATRX(3,2)21.0D0/DIJ(N) 00002010
RETURN 00032020

JEND I . 00002030 _.



e e e 4 e

&

0 ELY MATMPY,1,710407, 52145
ggoc0L - SUBROUTINE MATMPY(A»ByCeKiwMI,KsMeNY 7 77777777 77700003110 -
a00co2 IMPLICIT REAL*8 (A=H»0=2) 00N03120
0C000> _ DIMENSION A(20).B(20)eC(20) ooo03txg o _ B
CoO00Y DO 10 I=1sK 000063140
0005005 D0 10 J=19N 00003150
600006 TIZ(U=1) %K1+ e 111 1> o -1 XY « B o L
9046007 C{II)=0,0D0 ao0nN3179
000008 0O 10 L=1eM 0N0063180
306009 JUZ (L=~1) %K1+ i __ Q0003100 _ .. . _
GOuoLe KKZ (J=1) =M14L 00003200
900011 10 C{III=C{II}+A(JJI)*B(KK) 00003210
neuote RETURN e ee003220 ) N
000013 END 00003230



000004
009002
000003
065004
0U0005

. 000006
0000067
600008

000009
000010
000011
000012
906013
00CELl
000015
000016
0006017
000018
600019
000020
000021

"R ELT REPEAT,10710407, 52147

SUBROUTINE REPEAT(A+AABiBRICsCCsDs/ODIEIFEIFIFFINR) ) 00002350

IMPLICIT REAL%8 (A=H»0-2) 00002360

€ e 30 8 300 e o o ok o o b e e o ok o o o oo ok ook SIOR okl e ko ok A o R ok ol dolok kokoakoR RoRolok R Kok k% 00002370

C
c
C
C

Crege ks

400
3002

100

700

REPEAT READS IN A STATION CARD OR SIMULATES A REPEATED CARD BY 00002380

MOVING DATA. : 00002390
AsBoCoDeEF OLD AA»BBsCCIDDIEESFF NEW . 00002400
NR = NUMBER OF REPEATS FOR A PARTICULAR CARD 00002410
s s e s % o ok ok 0 X S ook S o 3O o e 0 e s e AR ok sk i N o o el o koo sk oKk ok ik o kokor ok ox 0000 2420
IF{NR~1}400,100,100 . . . . oo 000N2439
READ (5,3002) ARsBBsCCrODIEEFFINR 00002440
FORMAT ( 6D12:.6¢13) 00002450
G0 70 700 } 00002450
AAZA 00002470
BE=B 006002480
cC=C ) . B 00002490
Coh=D 00002500
EE=E 00002510
FF=F ' . ) 00002520
NR=NR~1 . 00002530
RETURN 00002540
END ) ] . 00002550




et s i - - - - FE = A o o B pd o o s e

@ ELT ROOT,1,710407s 52149
N gooool T T T - T T - T o e e
000602 . CALL ROOT(N)
S B006003 . e_ Nz NUMBER OF SEARCH ITERATIONS e _ e e _
050003 ° ‘
005005 (L), '
_Gaoooe  ___ REGNAM__ o ) o e

©GD0007 ROOT*,
gaagea S B11,SVB11 « SAVE E11i FOR RETURN
cLoooe DL U ADRDeBLIY e GET GHE CALLING SEQUENCE o
gusoln DS A0 CALSE® e PUT FuwhY
CGo01L LMJ B11,RO0TF » GO IMNITIALIZE ROOTB
o0npL2 ~ CAL%EG® RES 2 ., CALLING SFQUENCE o e e
0ULDLE RETAGN#*o e« ITERATION RETURN ENTRY
¢o00iL L B11,5VB11
0utols - 4 . 2.B11 [ e L
000014 o
GOO0L7T e

- 00001e e B i _ e L L o _ o 3
go0uoLe Sveil + 0
600020 END

]




C e e e s

" @ ELT ROOTB»1:710507s 61553

‘goooor T

000002
0060003

© 00000L

00ac0s
000008
300007
Go008

0000609

030010
000011
00002

000013

0000

000015

030016
000017
003613
0uCo19
0g0c20
0ao021
Guogaz
060023
0vo02s
0009025
500026
CJ0027
GJadas
0u029
0CG030
600031
coaesz
030053
DEVIVISA I
0Cg03s
500038
800037
000038

003039

000048
quoogt
006042
030043
000044
000045
Ga0046
geopn”
coco4e
GoucHe
0Co050
acnosl
6000352
000053
Co0054

0€0055

060055

nnq

SUBROUTINE ROOYF {(NN)
IMPLICIT DOUBLE PRECISION {(A=Hs0=2)
c
C NN = SEARCH ITERATION LIMIT
o
No= NN
FLGA = 0
FLGB = 0
o RETURN i
C
C
c .
ENTRY ROOTB(X¢DXsFeE,K)
¢
C X= X VALUE
c DX = SEARCH INCREMENT
c F = F(X)
C £ = ERROR LIMIT _ i
c K = TERMINATION STATUS FLAG
o
IF (F) 100, 9000, 200
¢
C F<QO
c
100  CONTINUE
XMINUS = X
FIAINUS = F
FLGB = F
IF {FLGA W NE.Q) 60 TO 1000
60 70 300
c
c F>0
c
206 CONYINUE
¥PLUS = X
FPLUS = F . . e
FLGA = F
IF (FLGB «NE. 0) GO TO 1000
o

C TRY A NEW X VAKUE TO BRACKET THE ROOT
c
300  CONTINUE
XLAST = X
FLAST = F
X = X4DX
N = N=-1
IF (N «GE. 0) CALL RETAGN
K = N
RETURN

¢
€ DO LINEAR INTERPOLATION TO APPROXIMATE THE ROOT
c
1

000 CONTINUE




.

Gapes7
gasess
G00CE9

. 0U0060

a0o06l
000062
C00053
Noo06Y
L4e0As

000066

6aL0&e7
000038

CGC0s6%

gono7o
Go0071
030n72
000073
600074
8030375
300075
Cago?77
6306078
0060079
uud0a0
uiuosl
006032
cucosl
GOG34
Co0035
0G0CES
GGILB7
¢cog08s

/¢

. IF_(F~FLAST .FQ,._0) _GO_TO 2000 e
X3 = (F&XLAST~X*FLAST)/(F~FLAST)
FLAST = F
. XLAST = X e _
X = ¥
110 = 1
_C e _ e - R
€ SEE IF NEW X IS IN THE PROPER INTERVAL
Cc
1100 _CONTINVE __ o o _ e e
IF ({X=XMINUS)* (XPLUS~X)) 1200, 9060, 1300
1200 CONTINUE
. _ G0 TO (2000,._9000)s 110 i . L e
c
¢ TESY TO SEE IF CLOSE ENOUGH
_.c - o . e ) o
1300 CONTINUE
IF {ABS(X=XLAST)=E .LE. 0} GO TO 9000
o _CALL RETAGN _ ) _ e L
c
C INTERPOLATE USING THE INTERVAL BOUNDARIES
o C e e L S e e
2000 CONTINUE
X = (XMINUS*FPLUS=XPLUS*FMINUS) / (FPLUS=FMTINUS)
_ T & ¥ - i - . e
GO TO 1100
¢
C NOBMAL RETURN_ . . _ e i
c
9008 K = 0
RETURN L e e
END



- et - bt st et “a

TTTTR OELY STAOUT1+710407, 57004

T oo000Y”

650062

000003
00800

4000605
060006

000007

000008

00009
600010

0000112
Ggoooiz

000013

00001k
gooels

000016

G000L7
GCeogis
HIVISIepA=]
0u0020
000021

gpoozz

000023
geocan
000025
050026
060027
oroLze
0o0629
800030
000031
§o0032
000033
[ sIvGT
000035
000036
060037
000038
060039
000040
o000l
0soou2
000043
GoGohL
6300465
000046
GoD047
0600648
020009
2C00S0
00GCEL
fgoise
660053
0C0054
DoBOSES
003056

1

c
C

.30

e
31

T TTGUBROUTINE STAGUTIAAYBBCC+DOFEE Y FFPKODE »L -BCD/NSTASLINETLSKIP)

IMPLICIT REAL*8 {(A=Ho0-2)

DIMENSION AA(S50,10)¢+BB(50+10),CC(50,10)+DD150s10) ¢EE(50010) s __

FF(50010),BCD(E)
REAL BCD

STAOUT WILL PRINT 1 TO & HEADINGS. IT ALSO PRINTS NSTA VALUES
BELOW THE HEADING. LINE = LAST LIME USED

Nzl
IF(LINE-(73=-LSKIP))31»30:30
WRITE (e,4098)
LINE=1

no 5% II=z 1,LSKIP
WRITE (6:4097)
LINE=LINE+L

WRITE (6;20) (BCD(II)ellx=is67

FORMAT (1HO/,»10X-A6:5(15%XsA6) //)Y

TLINEZLINE+3

56

32
33

34

57
4097
4098

OoOon

LCTR=0
GO TO (1+292354+5)+KODE

WRITE (6921) AACNIL) »BEINsL) sCCIN)LY »DDINIL) sEE(NsL) »FF(NeL)
FORMAT (1M ¢5X» 6(E15.8s86X) 1} N

G0 TO §75

WRITE (6922) AA(NIL) «BB(NsL)»CCINsL) »DNDINsL)

FORMAT (1H »5Xs 4(E15.8s6X) )

G0 TO 575 -

WRITE (6:23) CCINsL)#DDINL)sFFONOLY 7 N
FORMAT (1HrG7X> 2(E1548¢6X)s21XsEL15.8)

60 TO 575 L _
WRITE (6024) AA(NSL) #BB(NeL) s CCINsL)

FORMAT (1H »SX» 3(E15.8¢6%) j _
60 To 575

WRITE (6025) AA(NsL)

FORMAT (1H »5X»E15.8)

LINE=ILINE<#L
LCTR=LCTR+1
IF{LCTR=5)33,32,32
WRITE (6+4097)
LINE=LINE+]

NN+
IFIN=NSTAY3U»34+57
IF(LINE={80=LSKIP))56+30,30
RETURN

FORMAY (1H )
FORMAT (1H1)

73 LEAVES MIN 5 STA. AT BOTTOM. THE HEADERS TAKE 3 LINES.
ASSUME 80 PRINT LINES AVAYLABLE. LINE=LAST LINE USED.
END

00002560

00002579

000025R0 __

00002590

*NEW

€ e e s SR e ik ook RSO R OK Aok kAo SR oK O ok R ko Rk R R R Y R Rk 00002600

000N2610
00002620

C ot ok sk s s 50 oo s o R ol 3 s e sk e sl o o 3 ok K e s o ok e o Sk ol i o ek 8 kool ok okl R ik oK ROk R X kR 10 0026 30

00002640
00002650
000026A0
00002670
000026R0
00002690
00002700
00002710

*NEW
000N2730% %=1

00002740
00en2750
00002760
0po02770
00002780
00062790
000n2800
ononz2sio
060002820
0002830
00002840

00002850

00002860
00002870
00002880
00002890
00002900
000023910
00002920

00002920 .

00002940
00002950
00002960
00002970
000023980
00002990
00003000
06003010
00003020
00003030
00003040

00003050

00003060
00003070

000030AR0 -

000n3090
00003100




o 6

4o TRI X

1446212
_..END _CUR
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PAGES= 169 LINES= 475, TIME=00:00:04 (HMS)

ALL SOFTWARE ISD PRCVIDES OR MAKES AVAILABLE FOR USEs» IN ANY FORM WHATSOEVERs IS PROPRIETARY
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il USER NOTICES = ~ APRIL 20r 1972  wix

(1) ISD 1108 TERMINAL SERVICE IS SCHEDULED AS FOLLOWS

MON ¢ 07:00 - 24:00

_ TUE - FRI ¢ 00:00 ~ 0Ous00 35 _07:00 = 24200__ ' _ _ .. el o o I
SAT ¢ 00:00 - 22:00
SUN 04:00 - 22:00

T OT(2)  LARGE~CORE (LCR) PRODUCTION JOBS ARE NOW BEING RUN ON AM OVERNIGHT BASIS STARTING AT 04:00 EACH DAY.

(3) ISD NOW HAS AVAILASLE REMOTE=BATCH JOB ENTRY VIA LOW~SPEFD TELETYPE COMPATIBLE TERMINALS USING DIAL-UP COMMUNTCATION LINES.

"THIS SERVICE HAS BEEN IN USE FOR OVER TwO MONTHS AND IS CALLED RON/I.
THE DIAL-UP TELEPHONE NUMBERS AND TRANSMISSICN RATES ARE LISTED BELOW.

10 CHAR/SEC T~ 415-562-4035, 415-562-4036¢ 415-562-5186
30 CHAR/SEC  0415-562-4716 %% EFFECTIVE 4/24/72 THIS NUMBER WILL BE CHANGED TO 415-562-4204 %

T {y) T ISDYS SECOND PUBLICT TERMINAL IN SAN FRANCISCO IZ LOCATECD AT # 1 CALIFORNIA ST.» ROOM 2555,

BEGINNING u/24/72 AND AFFECTIVE MONDAY - FRIDAY TURNAROULMND TIME SHOULD BE REDUCED BETWEEN THE HOAURS OF 10:3n - 11:30 AND

{5)
T 14500 = 16:00 FOR USERS SUBMITTING NON-~TAPE JOBS WITH RUN TIMES ESTIMATED AT LESS THAN 6 MINUTES.

ADDITIONAL INFORMATION ON (2) & (3) IS NOW AVAILABLE TO ALL INTERESTED USERS BY CONTACTING YOUR SALESMAN AT 415-562-4204.
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APPENDIX C

PROGRAM E13102 LATERAL (FREE) VIBRATION ANALYSIS OF TWO ELASTI-
CALLY COUPLED, UNDAMPED, LUMPED PARAMETER BEAMS, USERS' MANUAL
AND SAMPLE OF INPUT/QUTPUT

¢



LATERAL VIBRATION ANALYSIS OF TiJO ELASTICALLY.
COUPLED, UNDAMPED, LUMPED PARMMEIER BEAMS

Program E13102
(Formerly Program 1L03L)

Aerojet=General Corporation
Computing Seciences
Sacramento, California

/(A

Converted to 05/360

by
APPROVED J. A. Budzenski
/F' A
CAIM o 25 April 1968

R. D. Glauz, Hejager
Engineering Analysis
and Programming



Aerojct~Generol Corporation
Computling seiences
Sacramento, California

TATERAL VIBRATION AMALYSIS OF D ILASTICALLY
COUPLED, UNDAMPED, LU/PED PAR'METER BEAMS
Progren E13102

(Formerly Program 1LO3L)
Converted to 0S/360 by
J. A. Budzenski
25 April 1968
Page L of 9

INTRODUCTION

This program, originally 1403k, a FORTRAN IV program, has been con=
verted to 360 FORTRAN Level H without changes in logic.

This program provides the capacity to analyze the free undanped lateral
vibrations of two clastically coupled, lumped parcacter beams. Hatural fre-
quencies, mode shapes, and asscciated shear and moment distributions can be
computed. Shear deflections, rotary inertia, and gyroScopic effects (for
rotating shaft analyses) are included in the progrem capability. Each beam
has four state variables {i.e., shear, mcuent, sleps; and deflection) of which

two at each end for each becm must equal zero.

This program is essentially an extension of IBf Job 1LO09 which is a free
lateral vibration analysis of a single, undampad lumped parameter beam. For a
more extensive discussion of the cepabilities of lumped parameter beam models,
consult the user's mamal for that job. The principle application of these
programs has been to analyze rotor-stator models to determine critical speeds of

turbomachinery,

For any additional information concerning the analysis of this program,
contact Laverne K. Severud, Dept. 3252, Bldg, 2019,

RESTRICTIONS

1. The maximum number of bays is 50,

2. The two specified boundary conditions at each end for each béam must

equal zero.

3. To analyze a single beam, input a fictitious cantilever for the other beam,

with zero lengths and weightse



Loternal Vibration pfuslysis of v Program EL3102
Two Elastic2lly Coupled, Undamped, Page 2 of 9
Lumped Parametor 3Beons

e flways input finite values of G and EI.

5. To input data in exponential form, put E+xot or E-xx flush right in the
field of 12, where xx is the two digit ciponent and a plus sign will be
understood,

6, Vhen either fixed point variables W or NSTA are only one digit, it must

be right-adjusted in the field of two,

NOMENCLATURE

L = Length of elasticity elament (in)

B

'

lodulus of Elasticity (psi)

Ly

I = Area Moment of Inertia of Cross Section (in

C = Shape Constant for Shear Deflcction (in“g)

G = Modulus of Rigidity (psi) ’

W = Weight of Lumped Mass (i)

IJ - Polar Mass Moment of Inertia (# in secz)

I, = Diametral Mass Moment of Inertia (¥ in secz)
K = Spring Constamt (#/in)

o = Natural Frequency (cps)

Aw - Increment in Frequency (cps)

¢ = Damping Coefficient (i sec/in)

DX - Off'set betueen corrcsponding stations in two beams (in)

Forcing Shear Coefficient of e (#ésecz)

Forcing Shear Constant (i)

Forcing Moment Coefficient of v2 (# in sec2)

< ® = =
]

Shear (#)

M = Moment (in #)
# « Slope (rad)

Y o Deflection (in)



Progrem FE1L31.02

Laterel Vibration farlysis of
Page 3 of ¥

Two Flastilcally Coupled, Undampod,
Lumped Paramcter Beams

A; B, C, Dy M, Ny O, P (See p, 9)

Note:  All unprimed quantities refer to top beam and springs between the beams.
All primed quantities refer to the bottom beam and springs betwecen it

and ground,




Lateral Vibration Analysis of Program E13102
Two FElastically Coupled, Undemped, Page L of 9
Lumped Parameter Beams

T, LUMPED PARAMETER MODEL

My ! ‘;‘% 1 é ' x;% . Q
t T i 1}
I 1 ¥ 1 1
)\ J 7\ - )\ ] lj\ + A
T T R ¢ T
H 3 3 3 3
7 o A A

TYPICAL ELEMENT CALLED BAY X

Y Vil
Yy EIIE2 g @ ET(1) My 1
L(2 X L(1) )
*x ¥ X1
A
“x N Tyl
;;' ‘\X
! -~
% < Vi1
. 3
Y __m) G{\ er(3)  Mxa
S L) &/ L(3) o1
X ] X=1
R 3 ¥
s K
IT. DEFINITION % '7‘[—/ 7
CATH)
M 6,
& 5
Y 8
(8 = (0= <6151
el s,
Q)‘e
| ,'?7
AN



Lateral Vibration Analysis of Program FL3102
Two Flastically Coupled, Undamped, Page 5 of 9
Lumped Parameter Beams .

TIT. TRANSFORMATION ACROSS IDEALIZED HASS

W
X 2
2
s (Ty=Tg)e &y,
!
yer, { JOII)\MKR — - BOTOR
x+1 x Yy, | Vxn

J 7N STATOR

i\"\l dy >
AV
+ Kk Yi Yi

1) DX is positive when direction of offset from rotor to stator -

is in direction of increasing station rambors,

2) Since DX is infinitely stiff, KX rmust be the equivalent stiffneés

of the actual offset amm and the bearing in series,

&



Lateral Vibration Analysis of
Two Klastically Coupled, Undamped,
Tasnped Parameter Beams

1)

Program FL3102
Page 6 of 9

X . 2 ]
= —_ - K 7 ¥ len J
Yy, = Vit T e - KT Eedeey)
R a2 M 23
MX’L I-IXRn(IJ-—IX)co Oy
5, " %m0 Y T Y
Wy, '2
= A voviod B1) o Keve
Vi, = Vet g Tk @ * Ky(TenedEn) - Yy
= 2 -Vl 1
Mpp = Mpp + T4 o &3+ AR (Yy-Vi-dy @)
L T ¥e 5 Y © Y
g W o ]
110 0 Eefax. 0] 0 d.K K,
g x| X
l [
ol1l-(t.-1.)0°| o 10fo 0 0
It !
!
olo 1 0 100 o 0
]
olo 0 1 10]0 0 0
e e e al it o s il
X t
olo 0 Ky | 1{o aky | = @ ekyky
| T
£/ an -
olo 0 aky Lol |1k, doK,
-
olo 0 o lojo 1 0
-
olo 0 o !o}lo 0 1

Tt

Stator may not have any 53

let

if it needs to be included,



Lateral Vibration Analysis of Program EL3102
Two FElastically Coupled, Undamped, Page 7 of 9
Lumped Parameter Beams

3 2
VXL EXL MXL 8XL VXLC £XL

Y % Y = iyt B(ED) teED,, T T 6

4]

VX VXL 3 MX = MXL + VXL gXL

Similarly for 8)'(1‘

ofe {Bly = (Bl {8)41,

1 o .0 0] 0 0 o 0
) 1 o o 0 0 0 0
|
2 )
- e -2 1 0] 0 0 0 o
i
/2 e\ £ : .
(Bl = F—— - —— ~——= R e T
0 0 o o 1 0 0 o
|
0 0 0 0, 2 1 0 o
|
2.1 o »
) TR
oL (.2 - (L
0 0 ° 0‘ (am:) &EI) 10
L3 o &'
| ° o 0 o (g-%) (&) - Y

In like manner

{8l = [ElyglBlyg



Lateral Vibration Analysis of
Two Elastically Coupled, Undamped,
Lumped Parameter Beams

Vo SOLUTION PROCEDURE

Thus,

Program E13102
Page 8 of 9

(8}, = (Bl {8y = [Bly [Fly {8}y,

= [Blyy, [Fly [Ely, {83y

Continuing from span to span

{aly = [cly [Clgy {8hy,
,v: N
and (A, = 1[Gl {8},
1=
{8}y = [D] {8}y

For generalized zero boundary conditions

At N Ga’ 6b; Sc’ 6d are zerd
At O 6m’ 5n, 60, & are non=zero
5 ) B ]
5a am dan ao dap
<6b dbm dbn dbo dbp

e o 5 > = d d d

c cm cn co cp
84 Yn % Y% Y
\ ) i |

etc,

6 =0

For non-trivial solution, determinant must equal zero.

Iterate with trial values of ® until roots are found.



Jatersl Vibreotion Anslysis of Program 113102
Two Elasticenlly Conecled, Undamped, Page 9 of 9

Lumrned Paranmcler Booms

VIe

VIT,

NORMALIZATION OF MODE SHAPE

When o is determined, set Gi =1 (i = n,n,0 or p)
Substitute into first 3 equations and solve for the romaining 3 &'s
at point 0.

. e {A}o is knommn

Calculate remaining {A}K from relation
;=1 i o
Onc check of computational sensitivity is to see if the zero variables

at end N do in fact calculate to zero.

SPECTIAL TNPUT PARMETERS .

2, by €y d > 8.5 G, 5,5 6y (Zero at end W)

My Ny 0y P=> 85 55 8o 6p (Non-zero at cnd 0)

i=> 5, (1 either myn,o0,p = nomealizing parameter)
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: CUSTOMER DATL
CUSTOMER INSTRUCTIONS KEYPUNCH INSTRUCTIONS

ENTER DATA LEGIBLY WITHIN SPAJES PROYIDED

— 1

WHE TNTR POSTRY OF NOT. IF NECESSARY PPOVISE 3 aMK CARDS
AL T LINE Y THAT AKE HAND POSTED s96 Na. pROGALMMEY
Fas uCLUDING SPACES

L CUTINGUBSH BETWEEN Lvs 1,041 0,2 vs2, Les V,7 w5 S

1.
2. A right-adjusted integer in col. 73-75 will repeat a card of station
data a1d swre tho datz in locations corresponding %o consecutive

stations. AL SPACES ¥AY 01 IGHORED E13102 AN
ALL SPACES MAY B IGNORED EXCEPT ON ¥ CARD _ 5 S
. ! ALL SPACES MAY BI IGHOPED EXCEPY (Spscrly cols. ) e ' E a3
1 ALL SIGHY At kP UINES WUST BE PUNCHED Lateral Vibration Analysis cf Two Elas- 1 - "'
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: ;
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LATERAL VIBRATION ANALYSIS OF TWO ELASTICALLY COUPLED»UNDAMPED 13102129
LUMPED PARAMETER BEAMS = JOB 1403% L.VAN TRIEST ___ . 13102130
13102131
IMPLICIT REAL%8 (A=Hes0~7Z) )
_ _COMMON /ARRAY/BLO/ARRAYZ/BHI L L 13102133
DIMENSICN BLO(1) '
DIMENSION DL1(50),DL2(50),DL3(50),DLU{SN)+DZT1(50)DETI2{50), 13102134
1 DEI3{(50)+DEIL(50)D61L{(50)eDG2(S0Y»IG3(50),D54(50)y ___ . 13102135
2 BC1(50),DC2(50)oDCI(30) DCH(S0),0IJI(50)D1J2(50) 13102136
3 DIX1(50),DIXZ{50),DWNLI(S0)DWN2{S0),DKN1{(50) »DKN2(50) 13102137
_ DIMENSION EIMYRX(8+8) vE2MTRX{8¢8) s AMATRX(A¢2) yBMATRX(Br8) ¢ o 13102138
i CMATRX (B¢ 8)Y rFMATRX(878) »DLMTRX(8r1) s SMATRX (B2 1) ¢ 13102139
2 DUMMY (8) s DETERM{4o4) o C (L) » IDLGY # X(3) o KID(3) o DXXX(L) s 13102140
3 ] STORE(8+,50) o _ 13102141
DIMENSION TITLE(LL)sNREP(7) 133102142
COMMON DL1+DL2sDLI+DLUYDEIL,DEI2,DEIZoDEIL»IGLIDE2+DG3eDGY 13102143
X . _DC1sDC2sDC3»DCH,DIJL1oDIJ2,DIX1»DIX20DWNLeDWN2,DKNLsDICN2s . 131023484
2 EIMTRXsEZMTRX e AMATRX :BMATRY s CMATRY »FUATRX e DLMTRX » SMATRX » 13102145
3 DUMMY s KMo KN 2 KO o KP KA KBy KC oKD DETERM B i3102146
DO 999 II=i.7 131023147
9 NREP(II)=O 13502148
LINE=ZS 13102149
READ (5,3000,END=5000) TITLENNSTA ) 13102150
READ (503001) NROOT»TO“GA»DOMGAOK<rKAaKRoKCvKDtKMtKNoKOv1310?161
1 KP 13102152
DO 35 Nz1.,NSTA 13102153
CALL REPEAT(DLLI(N=1)sDLI(N) DL2(N=1),DL2{*)sDL3{N=1),DLI(N) »DLE(N=-13102158
13700LBLN) o XoXeXe X, NREP{ 1)) 13102155
CALL REPEAT(DETL(N=1)sDEYLIN) +DET2(N=1)»DEI2(N) yDEI3(N=1)»DEIZ(N)+13102156
IDZIY(N=1) e DETL(N) o Xo Xe Xe KXo NREP{2)) 13102157

CALL REPEATIDGLIN=1)DBI{N)DG2(MN- l)rDG?(N)oDG3(N-1) DG3{N) DG (N=13102158
11):DGHIN) 1 Xs Xe Xe XpNREP (S} .

CALLL REPEAT(DC1(N=1)oDCLINI»DC2(N=1Y,DC2({N) +DCI(N~-1),DC3(N)DC4(N=-13102160
11)2DCU MY 2 XoXoXo X e NREP {3}

CALL REPEAT(DIJLIN=1)sDIJLIIN) o DIJ2IN=-1)sDIJ2(NYsNIXLI(N=L}»DIX1{N)»13102162
1IDIX2(N=1) DIX2(N)Y s Xoe X2 Xo X NREP(4)) 13102163
CALL REPEAT(DWNI(N=1)pDWNIIN) pDWN2(N=1)»DWN2(N; pDKNI(N=1) pDKNI(N)213102164

ADKNZ (N=1) s DKN2 (N) »X» X0 Xo X2 NREP(6) ) o . 131021585
CONTINUE 13102166
WRITE (6+,4000) 13102167
WRITE (6s4001) , TITLE/NSTA 13102168
WRITE (6:4021) NROOT» TOMGA ¢ DOMGA » KA rKB+KC KD KMo KN+ KOs 13102169

1 kP 13102170
LINEZLINE+NSTA+4 [ o » 13102171
IF (LINE=55)39,39,38 _ © 13102172

38 WRITE (6:4022) 13202173
LINESNSTA _ _ S B - 13102174
39 WRITE {(6+4002) 13102175
DO 40 N=1,NSTA 13102176
WRITE (614008) C DLL(ND »DL2(N) »DL3 (1) »DLY(N) . 13102177
LINE=LINE+NSTA+Y 13102178
IF(LINE=S5) Gl o titi g 443 ' 13102179
43 WRITE (604022) : 13102180
LINE=NSTA 13102181
44 WRITE (6+4003) \ 13102182

13102128

et b e e ol



gooees
300058
anuoshs
CuG060

050061

00062
000063
Co00oY
0LOUBS
000066
CC0067
0C00€8

000069

030070
050071
uioeyz2

QuneT3s

Gop37Y4

020075

QL0786
Qeeeyy
youi7sg
056079
000030
0005
300002
T80.08%
euodss
0ULOARY
60036
counaz
giuounae
G0t
[ Uy
[CRUNTLLS T
udei92
Co00%3
eas9s
uGrLous
o0eloe
ooy
0u02e8

0L0099

GNniuo
eoeiel

U102
GCCLa3
(G210%

BCEIERS:

0i0ice
0e01o7
0525108
033209
co0iid
00011}
Cog11e
L6313
gneLis
CLLLLS
NSRS S Y Y

k9

50

C LINE=LINE+NSTA+Y4

‘o0

100

106

110

48

_ WRITE (6s4008)

 WRITE (6,4022)

DO &5 N=1,NSTA _

P12 = 6.283185307179586

105"

CFMATRX(I+J)=0,0D0

OMGE=TMOD~DMOD

 OMGL=OMGY--DOMG
MN=Z100

DO 45 N=1,NSTA

WRITE (6,4008)
LINEZLINE+NSTA+G
IF(LINE=55)49,49,43
WRITE (6,4022)
LINEZNSTA

WRITE (64004 o
DO 59 N=1:NSTA
WRITE (6,4008)

T DETL(N),DEI2(N) +DEI3Z(N) #DEIL(N)

DG1(N)sDG2IN) »DGIS(N) ¢+ DGGIN)

IF{LINE=55)54,54,53

WRITE (6,4022)

LINEZNSTA R _—
WRITE (6,4005)

DO 55 Nz1v¢NSTA

e DCLIND,DC2UINI »NCIINIeDCHIND_
LINE=LINE4NSTA+Y

IF(LINE~55)59,59,58

WRITE (604022) __
LINESNSTA
WRITE (6,4006)
DO 60 N=12NSTA
WRITE (6,4008)
LINESLINE+NSTAYY
IF(LINE=S5) 64064263

 DIJI(N)»DIJ2(N),DIXL(N)/DIX2(N)

URITE (604007

WRITE (&ea008)
LINE=NSTA

WRITE (6,4022)

T DWNL(NY,DWN2 (N) »DENL(N) 0 DKN2TN)

TMOD = TOVGA « PI2
DMOD = DOMGA ¥ PI2

INITILIZE E1,E2,AND F MATRICES

NC 1167121787
DO 116 Jz1s8
IF(I-J)105,106,105
EIMTRX{I5J)=0,0D0
2MTRX(15,J)=0.0D0

G0 To ii¢
EIMTRX{I,J)=1,0D0
E2MTRX{IsJ) 1,000 __
FMATRX{I,J)=1.0D0
CONTINUE

00 150 MMM=1¢MNROOT
DOMG=OMOD

CALL ROOT(NN)

GO 130 I=1.8

0C 1306 J=1+8
IF(I=-J) 12501260125
CMATRX(I,J)=0.0D0
GO0 V0 130
CMATRX(XI,J}=1.0D0

10

13102183
13102184
13102185
13102186
13102187
13102148
13102189
13102190
13102191

13102192

13102193
13102194

131021985,

13102106
13102187
13102198
13102199
13102200
13102201
13102202
13102203

13102204 _

13102205
13102206
13102207
13102208
13102209

13102210 .

13102211
13102212

. 13102213

13102216
13162217

13102218

13102219
13102220

13102201
13102222

13102223

. 13102224

13102225
13302226
13102027
13102228
13102229
13in2230
13102231
13102232
13102233
13102234
13102235

. 13102236

13in2237
13102238
13102239
13102240
13102201




/]

500117
00018
060119
000120
3090121
500122
w0123
0C012L
slGL2s
000126
goc127
Goo12s
apo1ze
0U0130
0C0131
J0u132
000133
800134
000135
0CeL3e
000137
0G01L3C
0C013%
00CLut
Qoc1el
c.Cige
oL0143
DC01GY
500145
000146
002147
CH0146
Gouolye
000150
- 000151
ponise
200153
500154
0Q9iS5
00156
003157
60018

J0U159

SUB1IS0
Coglel
Gogise
00163
gg0leYs
J0G165
CH015%
060167
330163
GG0169
Goul70
to017L
¢oo172
000172
060LTS
000175
Q30L76

C

130

135

136

137

822

140
1140

141

DLMTRX{KM21)=1,0D0

CONTINUE
DO 135 Nz=1sNSTA
CALL SETUP(OMGWsN)

CALL MATMPY(EIMTRX»CMATRX 2 AMATRX»808,R8,898)
CALL MATMPY(E2MTRX»FMATRX»BMATRX 89878+ 85.3)
CALL MATMPY (BEMATRX» AMATRXCMATRX:£+8+8¢823)

CONTINUE

CALL SETUPL{(DETNOW)
CPRT=OMGW/P12
IF(LINE~S6)1356:1362137
YRITE (6¢4009)
LINE=LINE+]

GO TO 138

WRITE (664009)
LINE=1

WRITE (6040227

EE = 2.0-12

OPRT»DETNOW

OPRT¢DETNOW

CALL ROOTB(OMGWDOMGDETNGCWEE »KKK)

IF{KKK)B2292140,822
VRITE (6.,4020)

60 TO 30

DO 1140 Iz=1,8
DLMTRX(I+1)=0,0D0
CALL SIMSZ

ID(iy=1

iDl2y=2

ID(3)=3

1ID{y)=-1

IF {KK o50. D) KK = 1~
GO TC (161,102,1435144) pKK

C  SCLVE FOR DELTA(N)»DELTA(O) »DELTA(P)

C

C
c
C

102

C (1) =CMATRX (KB KN)
C{2)=CMATRX (KB +K0)
C(3)=CMATRX(KB,KP)
ClL ) ==CMATRX (KB s KM}
CALL SIMST(CsTD,4sBLOsBHI)
C(1)=CMATRX(KC KM}

C{21=CMATRX(KC»KO)
C(3)=CMATRX{KCKP)
C{L)==CMATRX(KC KM)

CALL SIMST(C:YIDsu,BLOPBHI)

CULYZCMATRX(KD P KN)
CL2)=CMATRX(KDKO)
C{3)=CMATRX (KD +KP)
CL)=-CMATRX (KD KM)
CALL SIMST(CoID»4,BLO,BHI)

CALL STMSD(X,KID,DXXX(1)»KERR,ITEGN)

IFIKERR) 310,145,310
DLMTRXA{KMN,13=1,0D0 _ _  _

SOLVE FOR DELTA(M)»DELTA(O)DELTA(P)

C{1Y=CHATRX{KAsKM)
C(2)=CMATRX (KA +KO)
C{3)=CMATRX(KAsKP)
C{8)==-CMATRYX (KA KNI
CALL SIMST{(C+IDs4BLOYBHI}

S

13102242 __
13102243
13102244
13102245
13102246
13102247
13102248
13102249
13102250
13102251
13102252
13102253
13102254
13102255
131022%6
13i02257

13102259
13102260
131022561
13102262
13102263
13102264

13102265
13102266
13102247
13102268

«NEW

13102269
13102270
13102271
13102272
13102273
13102274
13102275
13102276
13102277
13102278
13162279
13102280
13102281
13102282
13102283
13102284
13102285
13102286
13102287
13102238
13102289
13102290
13102201
13102292
13102293
13102294
13102295
13102296
13102297
13102298
13102299



pRER—

0oL 77
Udul7a
0600179
coC1B83
06o181
ggoigz
0oc1e3
09Ciak
0u018%
00C105
000187
cgcoigs
00gies
060159
Gog el
go0ie2
0Bola3
0egLoy
00019%
00019
G001

u\h_'AC"

2001%¢
6uyc200
060205
9060202
QLuzid3
cog26y
gULZ038
cul2lie
UnLany
LU 08
G0L209
C0u2.0
DOU:llv
00212
005213
OuieLh
Qon?ls
nNeeLzlo
UouTiY
006218
600219
0220
bl
gelzae
000&23
coezze
ugeezs
000226
Nice27
o ogi22e
365229
0006230
geu231
QGu222

ﬁ'*é}u
JLE3S
4‘-4“4i 1‘6

e vy o A S tme s A bn memii e me s e e —— e

CCCLY=CMATRX (KCoKM)
C(2)=CMATRX(XC KO
T C{3)=CMATRX(KCoKP)
C(4)==CMATRX(KC s KM)

CALL SIMST(C,ID,4,BLOYBHI)
C(L)=CMATRX (KD s KM)
C(2)=CMATRX(KD»KO?}
C{3)=CMATRX(KD»KP)
C{4)==CMATRX (KDr KN}
CALL STMST(C,ID,4,BLOYBHI)

CALL SIMSDIXoKIDsDXXX(1)oKERR,ITEON)

IF(KERR) 3105 145,310
143 DLMTRX(KO0s1)=1,0D0
¢
C SOLVE FOR DELTA(M) sDELTA(N) »DELTA(P)
c

s b e i ot o

C{1)=CMATRA(KAPKM)
C(2Y=CMATRX (KA PKN)
C{3I=CMATRX{KA+KP)
C{4)=~CHATRX (KA, KC)
CALL SIMST(C/yIDo4-BLOeBHI}
COL)CMATRX(KD oMY

C{2)=CMATRX (KB KN)
C{3)=CMATRX (KB o KP)
C(4)x=CMATRX(KB,KO) _
CALL SIMST(CeIDs4,BLGsBHI)
C{1)=CMATRX (KD v¢KM)

C(2)=CMATRX{KD o KN) _

13102300

13102301
13102302

12102303

13102304
13102305

13102306

13102307

b b i b i i i

13102308 -

_13102309 _

13102310
13102311

13102312

13102313

13102314

31023135

T 13182316

13102317

_ 13102318

13162319
13102320
13102321

"~ 13102322

€ (%) =CHMATRX (KD s KP)
C{4)z=CMATRX (KD +KO)
CALL SIMST(C»IDotsBLOPBHI)

. 13102324

CALL SIMSD{XsKID>DXXX{1) ¢KERR? ITEGN)
IF(KERR) 310,145,310

144 DLMTRX(KP2Li=1.0D0 |

O

C SCLVE FOR DELTA(M)DELTA(N)eDELTA(O}

O
'

UL ZCMATRE (KA S KMY
CL2}=CMATRX (KAPKN)
r(q)-uMAThA(Khv 0)

C U4 ==CHATRX(KASKP)Y
CALL SIMST(CeIDo4,BLO»BHI)
CULI=CMATRX (KR KM)

C{2)=CMATRAIKBIKN)
C{3)=CMATRX(KR,KO)
L C{L)==CMATRX (KB KP) _

CALL SIMST{(CrID,4/sBLOBHI)
C (1) =CMATRX (KC s KM)
C(2)=CHAATRX (KC o KN)

C{3Y=CMATRX (KCoKO)
CB)=-CHMATRX(KC e KP}
CALL SIMST(C:ID;QoBLOvBHI)

CALL SIMSD(XeKID DXXX{1)KERRsITEGN)
IF(KERR) 310,145,310

145 CONTINUE

GO TO (1141,13182,1143,1144) KK
1141 KSUBZKID(1)

DLMTRX (KN 1) =X (KSUB)

KSUBZKIN(2)
OLMTRX (KO » 1) =X (KSUB)

13102323

13102325
13102326

13102327 .

13102328
13102329
13102330
13102331
13102332

13102333

131062334
13102335

13102336

13102337
131023385
13102339
13102340
131023¢1
13102342
13107343
13102344

. 13102345

13102346
13102347

13102348

13102349
13102350

. 13102351

13162352
13102353

13102354

13102355
13162356
13102387

13102358

13102359




/3

03037
4002368
030229
gdgaud
600241
v09232
Goulu3
gpoz2ut
QGozus
ulb2ub
Gocaut
gocesa
000249
000250
000251
aGo2s52
060253
¢oo25k
touessd
CO0LLo
002y

06288
Goo2Ly
4502560
ugozel
00L262
uonass

004257
URBERL

G259
geoR790
00u271
gule72

006273

A0C27h
00uz73
00GeEYS
Quez7?

Luszve

000279

0022489
Qoc2al
suors2
Guuzed
0060284
GOO235

cduzds

20287y
0cozue
uonea9
CL0290
962251
G002
LS
00Cz3b
AVEVICA® L)
054205

C END OF CASE

C

1142

1143

1144

146

147

149

1149

3000
3001
30602
4000
4091
4002
4003

WRITE (500023) KERR

KSUB=KID(3) ) o
DLMTRN (KPP L) =X (KSUB)
c0 TO 146

KSUE=KID{(1)
DLMTRX (KMe 1)=X (KSUB)
KSUB=KID{(2)
DLMTRX (K0, 1) =X (KSUB)
KSUB=KID(3)
DLMTRX{KP» 1) =X {KSUB)
GO To 146

KSUB=KID(1)
DLMTRX (Kie 1) =X {KSUB)
KSUB=KID(2)
DLMTRX (KN, 1) =X (KSUS8)
KSUB=KID{3)
DILMTRX(KP» 1) =X (KSUB)
6O TO 1486

KSUB=KID(1)
DLMTRX{KMe 1) =X (KSUB)
KSUBzKIpD{2)
DLMTRXAIKN: 1) =X (K5UB)
KSUB=KIO(3)
DLMTRX(KO» 1) =X (KSUB)
WRITE {(604012) OPRT

DO 147 I=1:8

DUMMY () =DLMTRX(I,» 1)

DO 148 Nzi1,NSTA

CALL SETUP(CMGWIN)

CALL MATMPY{(CZMTRX /FMATRX AMATRX28¢8,8:858)
CALL MATMPY (RMATRXI/EIMTRXsBMATRX»8¢8+189828)
CALL MATMPY (BMATRX»DLMTRX»SMATRXc8¢82828r1)
DO 189 I=ir8
STORE{IsNITSMATRX(I,1)
DLMTRX(I»1)=SMATRX(I1)
COMTINUE

WRITE (6s501%)

DO 11489 I=1,NSTA

WRITE {(6+40G8)

WRITE (&604014)

DC 1150 I=1,;NSTA
VRITE (624008)

WRITE (6,4022)

LINE=1
CONTINUE

(DUMMY (K)o K=104)

(STORE (NyT) ¢N=10s4)
(DUMMY (K3 »K=5+8)

T(STOREIN,TY PNZ5,8)

WRITE (6,4011)
GO0 To 3¢

WRITE (604024)

CALL PRINTM (CMATRX»&808,8s12H _ CMATRX . 1
GG T0o 30

FORMAT (112ssuX,12)
FORMAT (12,2F12.6,913)
FORMAT (4E12.8)

FORMAT (1HL1:50X30HJOR £13102 VIARATION ANAIYSIS///)
FORMAT (1H 11A8,4Xs10HNUMBER OF STATIONS 12.//)

FORMAT (1HOI3X4HL{1) »2SXUHL {2} »29XUHL{3) 429 (4HL(4)//)
FORMAT (1HO12XEHEI (1) 23X3HETY(2) ,28XSHET (3) ,28XSHEI(4)Y//)

13102340 .
13102361
13102362
131023A3
131023864
13102365
13102366
13102367
13102368
13102369
13102370
13102371
13102372
13102373
13102374
13102375
13102376
13102377
13102378
13102379
13:02380
13102341
13102382
13102383
13102384
13102385
131n2386
13102327
13102388
13102389
13102390
13102391
13102392
13102393
13102394
13102395
13102396
13102397
13132398
13102399
13102400
13102401

13102402

13102463
13102404
13102405
13102406
13102407
13102408
12102409
13102410

13102412
13102413
13102414
13102415
131026416
13102417
13102418
13102439



050297
aenees
000299

006300
00030
000362
5003032
CO0304
C00305
600306
0600307
000208
009209
GU5330
000311

00312
090313

000314

GOC315

0gC320
000321

/¢

4013 FORMAT (3H1s15X1RV 32X 1HMe 31X3HPHI» 31X 1HY/.//OXE15,8,3(18XE15.8)) 13102430
4014 FORMAT (1H0»11X7HY PRIME,26X7HM PRIME:#5XOHPHI PRIME,25X7HY PRIME/1310243%1

4004 FORMAT (1HO13XUHG (1) 2 29XuHG (2) 2 29XUHG (3),29%4H6(8)//) 13102420
005 FORMAT (1HOI3XGHC (1) s ZOXUHC (2) » 20XLHC U3) 52 IXGHC (8) //) 13102421
5006 FORMAT (1HO12X8HI SUB J1,25X8H DX ¢25X3HI SUB X1,25X8HI SUB X213102422
D V22 B . i 13102423
4007 FORMAT (1HO12X8HW SUB N1»25X8HW SUB M2,25X3HK SUB N1,25XAHK SUB N213102424
1/7) ' 13102425
4008 FORMAT (OXE15,8+3(18XE15.8)) 13102426 o
4009 FORMAT (1H +26XBHOMEGA = E15.315X9HOETERM = E15.8) 13102427
4611 FORMAT (14HO END OF CASE ! 13102428
4012 FORMAT (1H0,5IXBHOMESA = £15,8///3 131026429 ___ e

1//79XEL1S .87 3(18XELS.0)) B . . L e e 13102432 I
4020 FORMAT {(36HC 100 INTFRATIONS AND NO ROOTS i"CUND) 13102433
4021 FORMAT (19H NUMBER OF ROOTS I3,5Xs13H TR.AL OMEGA FB.3¢ 13102434
o 1 5Xe13H DELTA OMEGAR F8.3¢EX»8I4///Y _ 13102435
4022 FORMAT (1K1} : 13102436
4023 FORMAT (L1HO»4IX2UHFATLURE IN SIMST=-KERR = Y2:3X»18HGOING TO NEXT13)102437
1 CASE )y . ) R . 13102438 ___ S
L0228 FORMAT (1HO,835,100HTHE COEFFICIENTS OF THE SIMULTANEOUS EQUATIONS 131024329
1IrHICH WERE NOT SOLVED FOR THE IMITIAL STAT: VECTOR / 5X 13102440
2 G9HKWERE EXTRACTED FROM THE_FOLLOWING MATRIX VIA THE BOUNDARY_CONDi31O284% ____ .
3ITIONS. ) 13102442
5000 STOP
END S . 13102443 .




C e e et e s e b e - A b A ‘ trdomnsdin

 ELT MATMPY,10710822, 35976

000001
ga0602
go6003
Louooy
VEUGOS
ugudoe
030207
000008
conios
BeuL1Y
000011
aonoLr2
0Jugi3

10

" SUBROUTINE MATMPY(A+BsCrKivML s KeMINY

IMPLICIT REAL%8 (A=H»0=2)
DIMENSION A(20),.8B(20),C (207
DO 10 I=1.K '

DO 16 J=ieN

II=(J~1)2K2i+1

CclII;=0,0D0

DO 10 L=1.M

JUZ(L=1) xK1+1
KK={J=1)=Mi4L
CATINI=C{IT)+A (JJ %B (KK}
RETURN

END

/5

PSR



GeCNol
neee0R
0ud.03
gluay
GuLLns
409006
4naud?
¢onIng

¢neoGe

0as010
RIGUIED]
oLz

GO00L3

Jocog
JULILS
300016
DUuGLY

006018

guadie
Hu0020
009321
Loent2
{tuud3
CHu0D0Y
Gu0G2%
200026
220CR7
40028

S ELT PRINTMi1,710427s 53667
SUBROUTINE PRINTM{A»NR#NC s MAXR s TITLE) 13102101
IMPLICIT REAL#S (A=H,G=2) :
c , _ o o B 13102102 L )
C FORTRAMN TV PRINTM : 13102103
C SUBROUTINE TO PRINT ANY MATRIX WITH 2-WORD TTTLE 13102104
) € CALL PRINTM (CMATRX:8¢8+8+12H CMATRX ) _ EXAMPLE CALL UP_ 13102105 _ e
c 13102106
DIMENSION A(1)¢NHED(8) ¢ TITLE(2) 13102107
~ c R T MATRIX TITLE | 13102108 )
PATA B /% T CoLv/s
YRITE (6022)TITLE 13102109
22 FCRMAT (1H0s52Xs2R6) . aser1v0 S
¢ 13102111
00 50 I=1,1Cr8 13102113
 IIsHC-Tel st
IF(11-8)20920,10 13102115 :
10 1126 13102115
2000 30 J=ielil B e 13102197 o
30 MHED (J) =14d=1 13102118
KRITE (6+120) (BeNHED{J) pJ=1,11) 13102119
5O 50 Ja1sNR T ARI02120 )
KLzg+ (1=1) %MAXR 13102121
KHZXL+(1T=1) *MAXR 13102122
50 WRITE (60130} e ACKD pKEKL o KHeMEXR_ ). ... 13102123 . . . 3 L
RETURN 13102124
120 FORMAT (1H0,9Xe10(A6sTtv4X)) 13102125
130 FORMAT (4H ROWsI30:5X,1P8D1G.TY T T eNFw o B
END 13102127%%=1




T ELT REPEAT,1,710422, 35979

$600001
J000602
couud3
000304
0o0JGE
00LY06
0uLan?
eeln0s
0000609

goLoloe

J0UniL
ngnol2
Q0CulL3
QU00LY
L0015
Lutlis
aquLol?
0eeoia
CLoaLs
00070
gooo2l

c
c
¢
C
i
400
3002

T 100

700

SUSROUTINE REPEAT(ArAASR,BBsCeCCyDIDDIEVEESF s FFoNR)Y
IMPLICIT REAL%8 (A=H»0=2)
C s e e il e 6 e e e e e ke XK o g o e e e 0 sk e A Ao s oo o ol e s ot ol o R S Rtk Rk ROk ok ko ok ol kokokok k1 3102
REPEAT READS IN A STATION CARD OR SIMULATES A REPEATED CARD BY

MOVING DATA.
AvBoCoDesEeF oLD

READ (553002)
FORMAT { 6E12.6+13)
GO YO 700
AATA
B8R
cezc
NO=D
SEcE
FFzF
NRENR=1
RETURN
END

AA:BBsCCoDDEFFF NEW
NR = NUMBER OF REPEATS FOR A PARTICULAR CARD
s s 30 50 o0 e e 3 o 0 o e e 2 9 e oo 50 o R e e sk e e o e o R o ok ook o 6 8 ol o s e ol d) ok sk o ok s o e e i ok ko kol o ko ok § 33 02
IF{NR=1)400,100,100_ _

AABBYCCrODIEEPFFoNR

T 713102

13102
i3102
13102
13102

13102
13102
13102
13102
13102
13102
13102
13102
13102
13102
13102
13102

‘A1

a2
83
84
RS
86
87

B8 .

A9
90

ol

a2
a3
94
a5
a6
a7
ag
o9

13102100




W ELT ROOT,1,710429, 57628

6eo0dL T T T .

000002 o CALL ROOT(N}

009603 e . H= MUMBER OF SEARCH ITERATIONS_ . — e L —e — S
CLoCon o

000005 ${1)e

egcevs . ___REGNAM R . R . e e
00C0Q7 ROOT#,

0Cooes S Bli.svBil « SAVE R%.1 FOR RETURN

0UUG6S Pl ABs0BLY. o GET THE CALLING SEQUEMCE___ R
0CuBl10 oS AD:CALSER o PUT AwaY

ST | L B11sROOTF o GC INITIALIZE RCOTB

aceoi2  CALSEG . RES . 2. o CALLINS SEQUENCE _ e . e e
00ns1s RETAGN=%, o ITERATION RETURN ENTRY

00001y L B8i5,5VB11

eongls g 2.BiL __ . e R
Cosete - °

IVCGLT °
~LgocLs . e B . e e
ocoeig svill + 4]

000020 END



s ELT ROOTBr1.,71042%9, 57629

000001 ¢
500302 c
060003 c : e e o e -
0Co0GY SUBROUTINE ROOTF (NN)
£oeass C
003066 c NN = SEARCH ITERATION LIMIY . e e
gOGE07 c
000C08 IMPLICIT DOUBLE PRECISION (A=H»0-2) *NEW
000009 ) N T NN
800010 FLGA = 0
0o00L1 FLGS = 0
ooogie _ CRETURN L e _ o e
CoOUL3 o
000010 ¢
0U0s15 I _ _ L e _ _. —
LCCOLa ENTRY ROOTB{XsDXoFeEsK)
c0a0iy C
350018 c Xz X VALUE e . oo _ .
N00G19 c DX = SEARCH INCREMENT
£J3520 c F = EOO
¢09021 o £ = ERROR LIMIY L L [T
6022 ¢ K = TERMINATION STATUS FLAG
505373 c
counsy _ CIF (F) 100+ 9060, 200 o } _
160025 c
Co0026 C F<o
gucgay c o S i . _
eoouZs T 71606 CONTINUE
npoces ¥MINUS = X
o039 A FMINUS = F ) S o o
00063 FLGB = F
L1032 IF (FLGA <NE.O) GO TO 100G
UOGUZES , 60 TO 300 B o B .
Q30038 C
DUy cC F>0
oL '
z

CCa037 00 CONTINUE

033038 XPLUS = X

C03033 FPLUS = F - _ e R N S . -
Jurcaso FLGA = F

uguonl IF {FLGB sNE. 0) GO TO 1000

noLoL2 ot R I - -

LCuoeed C TRY A HEW X VAKUEZ T0O BRACKET THE RCOT

GO00HY [of

00C0Ls 300 CONTINUE _ . L - . - - -
000045 XLAGSY = X

000047 FLAST = F

0o3C4e8 X = X+DX _ - _
Ceuans N = Ne=1

£0265S0 IF (N «GE. 0) CALL RETAGN

CCoGoe K = N -

000052 RETURN

000053 c

00G65Y% C DO LINEAR INTERPOLATION TO APPROXIMATE THE ROOT

G6oo0ss [

0000So 1000 CONTINUE



LU0uas7
GIUUS8
J30659
230060
Goouel
GOCUE2
LOub63
Juulaol
LOGHH
gGLieY
uoota?
6G60s8
0eCCeag
cCLG79
guuovi
gCoi72
060073
000074
036075
L0876

800077

£00CTE
000079
600039
00GGC81
1000352
5300232
BELREET
000035
000055

060087

0uc083

IF (F-FLAST .£0. 0) GG T0O 2000 _

X1 = (FsXLAST=X¥FLAST) Z(F=FLAST) ST S e e -
FLAST = F
XUAST = e
X = X1
710 = 1
c . P - i . = —— . - —_— - ———— — —_——— - - - —- —_— e ——— ——— - ———— — - — —- - -— e
C SEE IF MEW X IS IN THE PROPER INTERVAL
¢
1100 CONTINUE o o e
IF ({X=XMINUS) % (XPLUS=X)} 1200 9000, 1303
1200 CONTINUE
6C TO (2800, 90000 110 o L L L -
c
C TESY 70 SEE IF CLOSE ENOUGH
¢
- T 1300 CONTINUE T T — — - R - ToToTTTTTe T e
IF (ABS(X=XLAST)=E oLE. 0) 60 TO 9000
_ CALL RETAGN L e o
C .
C  INTERPOLATE USING THE INTERVAL BOUNDARIES
¢ oo - B L S N
2000  CONTINUE
X = (XMINUS*FPLUS=XPLUS#FMINUS)/ (FPLUS=-FMINUS)
~ -z e _ L
GO To 1100
~ .
______ . C NORMAL RETURN 3 _ L e o B
c
906086 XK = ¢
T RETURN e
END




coe001
GuG002
GOeCo3
Cuocoy
curias
Quouod
035007
00Luvs8
GQ0uC09
00001V
0000112
eCudl2
0G0313
030014
QuagLs
gunais
G32017
Goui1s
0GC013
00020
guto2i
aagiez
002023
0Ceoz2sy
cooo2s
0s0526
gas027
Gliuz2s
oocaz?
Consz2o

. ey i i e

~
il

0uon3L

ors032
0GOOES
[HROTRRSICTSS
Gundis

cngas2
CO0U43
600385
QuaNus
003745
0oens7
0030083
agoou9
¢502050
CO005:
CCounh2
533053
U3005nL

nesess

J00055

ELT SETUP» 1,710

[ [ RV

O =

422, 35981

SUBROUTINE SETUP(OMGS s NN)
IMPLICIT REALx%8 (A~H/y0=2Z)
DIMENSION DL1{50),DL2(50)DL3(50),DLU(S0)¢DEIL(50)»DET2(50),

DEI3(50) DEIS(50)+DGLI50)1DGR(5C).DG3(50) DGU(5N)
DCL{S0)»DC2{50) o BC3(50)-DCHI50)»3TJL(50)2DTI2(S0),
DIX1(50),0IX2(50),DWNL(50).DWN2{50)DKNL(50)sDKN2(50)

DIMENSION EIMTRX{(8,8)E2MTRX(8¢8) s AMATRX LA 8) »BMATRX(8,8)

CMATRX(B28) o FMATRX(808) e DLMTRX (R, 1) s SMATRX{Es1) »
DUMMY (83 DETERM(424) o C(H) pID(4) 9 (3 o KID(3) o DXXX (1) 5
STORE(8+50)

DIMENSION TITLE(11),NREP(7)

COMMON
N =
oMG =

DL1,DL2,DL3eDLY»DETILDEI2sDEIZPNETS-DG1,D62,DG39 DG
DC1oDC2oDC3oDCUPDIULDIU2/DIXLoNIX2 DWNL»DWN2,DKN1»DKN2e
EIMTRXVEZMTRY 0 AMATNIX: BMATRX 0 CMATRX e FMATRX » DLMTRX » SMATR Xy
DUMMY s KMo KNo KOr KP 9y KA/KB e KC+ XDy DETERMSR

NN

CMGG

EIMTRX{2:1)=DL1(N)

ELMTRX (45 2)ZDLL(N) %%2%,SDO/DETL (N)

EIMTRXIZ, 1) ==EIMTRY (L0 2)
EIMTRX(302)==DL1I(N)/DETIL(N)

EIMTRX (45 1)=DLEINY#23/6,DO/DETL(N)=DCL(NY*DLL(N) /D61 (N)

EIMTRY (#4,3)==C1MTRX(2+ 1)
EIMTRX{555)=DL3{N)

EIMTRX(8,6)=DL3(N)%%2%.5D0/DEI3(N)

ESMTRYX(795) ==EIMTRX(816)

CEIMTRX{70,6)Z=DL3(N)/DEIZ(NY o
ELMTRX(855)=DL3{N) %%3/6.D8/DET3 (NI =DC3 (N)*DL3(N) /D63 (N)
FilfTRX (8 7)==ELMTRX(555)

CEZMTRX(201)=DL2(N) S
E2MTRX{4,2)=DL2(N)%22%5DO/DET2(N)

FeMTVRX{301)=~E2MTRX(G4¢ 2)
EZMTIRX(3+2)z=DL2(NY/DEIZ(N)

S E2MTRX{40L)=DL2IN) #%3/6.D0/DEI2(N)~DC2(N) *[L 2 (N) /DG2 (N)

EZMTR L, 3)==F2TRX {20 1)
2MTRX{E B =DLE (N

T E2MTRY

(705 z=DLU (N) #5225k, 5N0/DELY (N}

E2MTRX(T7,6)==DLU(NI/DIT4(N)
ESMTRALB,5)=DLU (M) =23/6,D0/DT T4 NI =DCY (N)*DL.4 (N) /DG4 (N)
E2MTRX{806)=DLU(N) ®%:2%  EDO/DEI L (N)

E2MTRX {8, 7)==E2MTRX(6¢5)

FRATRX U1 o) =DWNL(N)=0MG/3R6. CUDOXOMG=DKNE (1)

FIMATRX (2 3)2=(DIJL(N) ) *OMGx#%2
IF IDIX1I(NM)eNE.0.0DO) 6O YO
FMATRA(T7v6) = 0.0D0

cO T0 2
FMATRX{(7,8)==1.D0/DIX1(N)
2 FNATRX{1,7)=DYIJ2(N)=DKNL(N)_ __

FMATRA{1s8)=DKNL(N)

EMATRY (S»4) =DKN1 (N)

FRATRX(S) 7)=~FMATRY (157) - _ v
FUATRX {5, 8) ZDWN2 (N) %OMG/ 386 . 0LDO%OMG-NKNL (11} ~DKN2 (N)
FMATRX (67 8)=FMATRX(107}

FuATRX (B 7I=DIX2 (N) =OMG#%2~01 02 (N) %22%DKNL M)

FMATRX (69 8)=FMATRX(5:7)

RETURN
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13102
131062
13102
13102
13102
13102
13102
13102
13102

131n2
13102
131n2
13102
13102
13102

C. o 1z162

13102
13102
13102
13102
13102
13102
13102
13102
13102
13102
13102
13102
13102
13102
13102

13102 7

13102
13102
13102

13102
13102
13102
13102
13102
13102
13102
13102
13102
13102

15

i6
17
18
19
20

22

23

24

25
26
27
’8

30
31
32
323
34
35
36

38

39
40

41

42 .

03
4y
45
46
47
u8
49
50
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Bo20n1
000002
600003
Guiaas
606008
6o0C006
ouldO7
00GO0S
BeO00S
(us0iIo
RIS}
LLotle
960013
00001y
300915
0GL0L6
0LeouLy
0CLcra
00oG1le
Gao0290
000021
000022
ceocz3
uio0eY
000023
cogoze
0600027
su002s
006022
0ece030

W ELY SETUPL, 1710422, 35983

23>

s et i i e it .

SUBROUTINE SETUP1(DET) B . 13102 52

IMPLICIT REAL®8 (A=Hs0=2)

DIMENSION DL1(S0)»DL2(50)DL3(50))DLU{SN) DEII(SN) +DEI2(S0) 13102 53

1 DEIZ(S0) e DETHIS0) e DGLLSY 1 0G2(S0) 1 DG3(50) o DGHIBNY s 13102 54
2 DCL1(50)¢DC2(50)1DC3(50),DCHIS0)sDIIL{S0) »DIJ2(50), 13102 55

3 DIX1(50),DIX2(50) FDWNLI(SN) »DWM2{50) »DKNL(50) »DKM2(50) 13102 56

DIMENSION ELMTRX(Br8) vE2MTRX (B 8) s AMATRY (823) s BMATRX (89 8) 13102 &7

i Y(8s8) o FMATRY(B58) o DLMTRX(Rs1) »SMATRX (8510 13102 58
2 DUMMY (8) sDETERM(44) o C(4) o ID(4) 9 Z(3) s KID(3) e DXXX (L) 13102 59 _ R ) .
3 STORE(8+50) 13102 &0

DIMENSION TITLE(LL) 13102 61

COMMON DLI»DL2sDL3/DLEDEIL,NEIZ2,DETIZDFETLDGL,D62¢DG31DGY 13102 62

i DCLeDC2eDC3eDCHINISIPDIUZ,DIX1sNIX2,DWNLrDWN2»DKN1»DKN2» 13102 63
2 E1MTRX E2MTRX ¢ AMATRX s RMATRY > X s FMATRX » OLMTRX » SMATRX » 13102 64
3 DUMMY s KMe KNo KOs KP s KA KB s KE o KDy DETIRMIR 13102 65

DUMMY (12X (KA » KM # (X (KB KNI X (KT KO X (Ko KPI+X (KB o KNI« X (KC,KPI#X (13102 66

AKOoKNY +XAKB s KP Y #X (KD e KO =X AKC o KNI =X (KD e XK\ 42 {KC KO =X (KBsKP)=X(KCo13102 A7

ZRA) 2N KB o KO Y X AKD 7 KP) =X (KB s KN 52X {KC e KP I ¥ X (KD KC)) 13102 68

DUMMY {2 =X AKA» KN 3 (X {KB 2 (M) %X (KC o KO 2 X IKI KP)I+X(KBeKO) #X (KCoKP)%X {13102 69

TKD o KMY X (KB s KP )X (KD e KO %X {KC o KM =X (K2 KH¥) %X (KC o KO %X (KB eKP)=X(KC»13102 70

2KMY =X (KB KO) X (KD eKP Y =X (KB KM) =X (KCoKPI# X (KDyKO) ) 13102 713 -
DUMMY (3) =X (KA KO % (X IKE » KM %X {KC o KN 2 X (KD KPY+X (KB o KN) %X (KCoKP) %X (13102 72

IO KM FX (KB KP) %X (Do KNY X {KC o KMY =X (KD o KUY %X {KC o KM X (KB o KPY=X{KCs 13102 73
ZEMI =X KB KNI AX (KD e KP) =X (KR s KMY X (KCoKP Y2 X (KD s KN) ) 13102 74

DUMMY (B =X (KA KP I % O {KB 2 KM X (KC o KNI %X (KI s KO+ X (KB KN) %X {KCoKO)#X (13102 75

KD KM) EX (KB pKO) %X LD e KN 5 X {KC o KMY =X (KD s KM %X (KCo KN) %X (KBsKO)=X(KCr 13102 76

2KM) #X TKBy KNI 5 X (KD s KO =X (KB rKMY X (KCrKOI X (KD s KN) ) ) 13102 77 ) .
DET=DUMMY (1) =DUMMY {2) +DUMMY {3) =DUMMY (&) 13102 78

RETURN 13102 79

EMD N ) S o _ 13102 80



000601
n00002

Q00003

§00304
£33005
¢oga0s
000007
;03008
gdpo0e
0GN510
B B
o uonoi2
LUl
0oot1s
0QuCLs
Q006LG
GLoULY
chadlis
§0u019
ponc2¢
sandas
routze
cusocs
0oo02y
on002es
£a002s
CGCu027
cunaes
0eo0eY
000030
0G0031
000032
G033
03003
G00033
036035
800037
000028
000029
G30040
000008
000052
Q33063
Goul4s
“OOOOQS
noene
f“DO'?
G046
U049
J~J USO
o0caosl
0CL0L2
CLL052
cooinne
00005
QUGULs

OO0 0O0O00O00O0000

O

OO

OO0

e XaXs)

SUBROUTINE SIMEG(AsBeNNeMMsNA ¢ ITEMeDD e MND2»KERR)
ok 61210003
- SOLVES MATRIY EQUATIONS = AX = B . el210004
GAUSS ELIMINATION WITH COMPLETE PIVOTING ON 'ABSOLUTE LARGEST 61210005
ELENMENT 7O FORM TRIANGULAR MATRIXWITH BfCK SUBSTITUTION FOR 61210006
~ SOLUYICGN VECTORS. e . 61210067 __
g ook ' 61210008
61210009
CALL SIMEG (AsBeNNesMMoNA +ITEMIDDSNNDSKEFR ) 61210010
A = A(1e01) OF INPUT MATRIX 61210011
B = INPUT VFCTORS 61210012
NN = NUMBER OF SIMULTAMEOUS EQUATIONS. e Bl12100%3
“M = NUMRER OF B~VECTORS. 61210014
NA = DIMINSION OF MATRIX AsTHAT IS+ A(NAjs-=) 612100315
ITEM = TEMPORARY STORAGE {FOR PERMUT/TION VECTOR) e el 61210016 . ___
WITH DIMENSION - ITEM(NA) 61210017
Do = DETERMINANT 61210018
_ NND = POWER OF TIN TO MULTIPLY DETERMINANT . 61210019 . __
Auaa = ERROR CODEs =K» SUNGULAR RANK » ==1 SOLVED EGUATIONS 61210020
UBLE PRE CT>ION A{NAPNAY o BI(NA?1 )sPIVOT+XTEM»DoDD 61210021
DINENSIOV ITEM(2) e R _ ei210022
61210023
D = 1,000 61210024
ND = POWERS OF TENS FACTOR _FOR DET:HRMINANT, —— 61210025
ND =0 61210026
M=NN 61210027
MMM S . Bl?10078
61210029
SET=UP THE PERMUTATION VECTOR. 61210030
v DO 1 I=zivn. L 61210031
1 ITEM(D)Y T =1 61210032
N1 = N-1 61210033
DO 60 K=1oN - o e B1210034
51210035
SEARCH AND SET THE ABSOLUTE LARGEST ELEMUNT AS THE PIVOT. 61210036
N o e BL21003T
pPIVOT = 0.D0 61210038
DO 1ig 1=K sN 61210039
D0 8 USKeN e B1210040._
XTEM = AI) 61210041
1F{DABS({XTEM) LE. DABS(PIVOT)) GO TO 9 61210042
PIVOT = XTEM. e e Bl210043 _
is =1 612100484
1T = J 61210645
9 COMTINUE L i . 61210046
16 CONTINUE v ‘ 61210047
COMPUTE DETERMINAMY AMD TEST FOR SINGULAR MATRIX. 61210048
e ] ~ e 61210049
a 61210050
D = D&PIVOT 61210051
_ IF{DNEL0.DO) 60 Yo il - 61210052 _
IF MATRIX IS SINGULARYSET THE RAMK OF MATRIX A IN KERR  AND EXIT61210053
KEFR = K~1 61210054
. 60 To 100 _ . e 61210055
11 XTEM = DABS (D} 61210056
IF(XTEM.LE.1.D0) G0 To 13.

W ELT SIMEGe1,710222¢ 36801

N

61210657

‘61210002




5CD0BL
gos062
300063
Gocoak
006563
[ RNOT)
Bo0oaT
GCLLES
alCCeo
(U007¢
QUC07y
0ogg72
ng0G7s
000C7T4
GO0075
0ogt7e
agoey7
D0eu7y
¢oonie
00y580
Gueany
6LLd82
oCns3
gochny
GLohes
00GCuBs
caLeny
Goueas
CoG09
gageyn
Co0G%Y
00G092
100093
0oLOo%w

060625

ag0ese
GLC0oT
00un98
00n69s
00&206
C00i0L
¢00102
Gou1o3
GuRloy
080103
000165
a0ai1e?y
400208
00010¢
[ RS
Guslil
asbine
608113
B NERES
000118
0CoL16

25

I

14

OO0

o0

21

30

OO0

31

OO0

40

51
60

OO0

0 .= Drit.ndo_ _ : o N o —
MD = NO+1

60 To 11

IFIXTEM.GE0.1D0) 60O TO 14 . e e
D = Dx10.DO

ND = ND=~1

60 To 11 o

CONTINUVE

IF(K.EQ.IS) GO TO 30

IF THE PIVOT IS NOT IN THE RIGHT ROW, INTERCHANGE ROWS.

DO 20
XTEM
ALIS )
ALK o)
CONTINUE
DO 21
{TEM
RIS, d)
BiK )

CONTINUE

D
IF(KEQ.

SJ=

-

J=

17T}

1N e L

A{IS:J)
ALKy J)
XTEM

1o
B{IS,I)
B{K »J)
AXTEM

=D
GO TO 40

IF THE PIVOT IS NOT IN THE RIGHT COL. EXCHAMGE COLS AND RECORD
THIS IN THE PERMUTATION VECTOR.

Do 31
XKTEM
ALIIT)
ACIeK )
CONTINUEZ
D

1=

1N
ACIIT)
A(TIK )
XTEM

-D

SET PERMUTATION VECTOR

I = ITEM(IT)

ITEM(ITY = ITEM(K )

ITEMIK ) = I

CONTINUE

K1 = K+1 _ -

IF(K1.6Y.N) 60 TO 60

MULTIPLY THE K=TH ROW BY =A{I,K)/PIVOT AND A3D TO THE I-TH ROW.
DO 50 ISK1eN

po 50 JzK1oN

ALI ) = A(Ied) = AIK»JI/PIVOT = A(IoKY
COMNTINUE -
DO 51 I=K1eN

0O S1  JzleM e
BUIedd) = BLIsd) = ALI-K)/PIVOT2B(K,J)

CONTINUE

CONT INUE

BACKSUBSTITUTION FOLLOWS.

Do 70
B{Ns,J)

J=

1+M
BINeJI/ZA{ININ)

612100588 .

61210059
61210060

. 61210061

61210062
61210063
61210064
61210065
61210046
61210087
61210068
61210069

61210070

61210071
61210072

61210073 _

61210074
61210075
61210076
61210077
61210078
61210073
61210080
61210081
61210082
61210083
61210084
61216085
61210086
61210087
61210088
61210089
61210000
61210091
61210092
61210093
6121009y
£1210005
61210038
61210097
61210008
61210099
61210200
61210101
61210102
61210103
61210104
61210105
61210106
61210167
61210108

61210109

61210110
61210111

61210112

61210113
61210114
61210115
61210116
61210117




26

S ST 1210111
i i =1, 61210119
L1 6o 75 Kzl 1210120
o2 11 -1 L o _ R 61210121 _
Uousldt I =z I-1 61210122
Jiulae PIVOT = A(I.I) 61210123
123 ) ~..Dho 72 IT=1,M s 61210104 o ~ . o
PR XTEM = 0.D0 6121012%
Chutds no 71 JZI1eN 61210126
Ju0laé . S 71 o xXTEM Lz AT eJ)xB(UIT) + XTEM_ B 2Y01 2T
gou1ay 72 B{I»17) = (B(I.IT) -~ XTEM)/PIVOT 61210128
02128 73 CONTINUE 61210129
GO G o121 0130 e
000130 C USE PERMUTATION VECTCR YO EXCHANGE ROWS OF B-MATRIX,. 61210131
0uCZid C 61210132
aeorce . b0 81 IzieN _ . BY210133 R
J03133 79 IF(ITEMLI) oEQ. I GO 70 81 61210134
0003 K = ITEM(I) 61210135
050155 . ) D B0 L dE N oM e 61210136 e .

BI{Ked) 61210137
000137 BAKrJ) B(Ied) 61210138
DCL138 o CoBLIsdY | = XTEM. _ . - —— e e e BY2Y0139 oo e
020621359 806 CONTINUE 61210140
QULIHD TTEM(I) ITEM(K 61210141
ochiuy TTEM(K) K 61210142 __ _ _ _

0000 XTEM

i n

1"t

cLo. iz ¢C TO 79 61210143

CCuLua 81 CONTINUE 61210144

G005 . KEZRRz=1 O 61210145 __ I

CLulss Do = D 61210146

036L45 NND = ND 61210347

gooie7 2300 REYURN. I I - 61210148 e e o - _
0001:8 END 61210149

T Reproduced from %‘“ ’ i E R T T
best available copy.
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Q00Cco8
gov00e
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Co3a12
GuGol1l
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060015
2UL0NE
000617
oLeoLs
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c00020
000621
an0022
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W ELT SIMSTe1+710422, 35985

aooocr T

000005

gouens

070025
ngoooe7
gagnzs
000072¢
00uU30
GCo0 5L
geecs2
Q00033
GLL0Ds
Q0UD53
Cceose
cCo0s7
00C038
600039
6oson0d
goooel
aeogaz
0006043
0GLosy
000oLE
GLogus
oo6ouT
000068

o

20

40
50

TQUBROUTINE SIMST (CeKeMsBLO»BHI Y

60 TO (10+20+30+%0)»IR

IMPLICIT REAL#8 (A~H,0-Z)

DIMENSION C(4) K (&) pX(8) ) TTEM(I0) oKI(3) e A(303) o XX(3)

KER = 0
IR = IR+1

A{l-1) = C(1)

All.2) = £(2)

ACL»3) = Cl3)
Xx{1y = C{y)

60 TO 40

Al201) = COY
£(2:2) =z C(2)

£(203) =z C(3)

XX(2) = ¢c{4) . — T
€O TO 40

A(3,1) = C{1)y

Al3:2 = Ci{z} "
£1(3,3) = C(3)

X*X(3) = C{®)

RETURN : ~ o e
KER = 4

cO TO 49

EHNTRY SIMSD (XoKI+DEV+KERRIDUM) __ )

IR =0

KI{1)y =1

KI{2) = 2 I

KI(3 =3

O = 0.D0

ND = O ) o
IF (KEH=3) S5:65¢55

CONTINUE ‘

CALL SIMEQ (As XXs3r1e3.ITEMeDsNDIKER )
X{1) = XX(1)

X{2) = XX(2)

K3 = XX(3) .

IF{D) 56,58:256

CONT INUE

CET = D%10.D0x%ND ~ . B
CONTINUE

IF {KER} 70,65¢65

KER = O

KERR = KER + 1

RETURN

ENTRY SIMSZ

IR z 0

RETURN

END

14246519
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SAT 00:00 = 22300 ' e
SUN 04100 - 22:00

(2} TLARGC~CORE (LCRY PRODUCTION JOBS ARE NOW BEING RUN ON PN OVERNIGHT BASIS STARTING AT 04:00 EACH DAY. 77—~
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ABSTRACT

A Fortran Program for the analysis of shaft whiri critical speeds and
bearing loads considering bearing nonlinearities and housing coupling in the
shaft dynamics is presented. Included are descriptions of the structural
idealization, method of analysis, and the program input and output.

For any additional information concérning the analysis of this program
contact Laverne K. Severud, Dept. 3252, Bldg. 2019A.

NOTATION

V = Shear (lb)
M = Moment (ine=lb)
® - 'Slope (rad)
Y = Deflection (in.)
[E] -~ FElasticity Transfer Matrix
[F] - Mass Transfer Matrix
[A] = State Vector
L. - Length of Elasticity Element (in.)
E - Modulus of Elasticity (psi)
I = Area Moment of Inertia of Cross Section (in.
- Shape Constant for Shear Deflection (in."2)
- Modulus of Rigidity (psi)
W - Weight of Lumped Mass (ib)
-~ Polar Mass Moment of Inertia (lb—in.-secz)

)

- Diametral Mass Moment of Inertia (lb-in.-socz)
K = Spring Constant (lb/in.)
® = Shaft Whirl Frequoncy (cps)

dw - Incroment in Ffequenqy (cps)
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~ Offset between corresponding stations in two beams (in.)
~ Forcing function coefficient of m (ln-sec ) for static imbalance
- Forcing function coefficient ofm (1n~¢b-sec ) for dynamic imbalance

d
.
P
72 - Constant applied lateral load (1bs)
P -~ Bearing load (lbs)

NOTE: All unprimed quantities refer to top beam and springs between the beams.
A1l primed quantities refer to the bottom beam and springs between it and

ground.

I. INTRODUCTION

The classical techniques of calculating shaft critical speeds and bearing
loads have beon shown by experience to many times yield very crude estimates,
The need for high-performance, lightweight turbomachinery has greatly increased‘
in the aircraft and aerospace industries, and; as a result, accurate prediction
tools are required for turbomachinery dynamics. In accordance with this need, the
computer program presented herein was developed.

This program preseﬁts a computerized methed of analysis for prediciing
bearing loads, shaft deflections, and critical speeds for shafts coupled by
rolling contact bearings to the machine housing. The bearing nonlinearities,
casing as well as rotor dynamics, and rotor-imbalance forcing functions are all

included in the system dynamics analysis.
Basically, it has the capability for analyzing the forced-undamped, lateral

vibrations of two elastically coupled lumped parameter beams., The program come
putes the amplitudes of the shears, maments, slopes, and deflection attributable

to harmonic forcing functions. Shear deflections, rotary inertia, and gyro-
scopic effects for rotating shaft analyses are also included,

The analysis is facilitated by a lumped-parameter model using a modified
Mkylestad-Thampsen transfer-matrix technique,

The vearing is characterized as a spring which may be input as either
constant values or load dependent functions defined by
K=a.pB

where A and B are constants and P is applied load, or by a table of P vs. K

pOLNLS,



Forced Undamped Lateral ‘ Progran £1310L
Vibration Analysis ' Page 3 of 19

As the bearings have nonlinear load-displacement characteristics, the
solution is achieved by iteration. Rotor imbalances allowed by such factors
as pilot tolerances and runouts and bearing clearances (allowing conical‘or
cylindrical whirl) determine the forcing-function magnitudes. The computer
program initially obtains a solution in which the bearings are treated as
linear springs of given spring rates. Then, on the basis of computed bearing
reactions, new spring rates are predicted, and another solution of the modified
system is made. The iteration is performed a specified number of times and
then solution for the nexit speed level is undertaken, It has been found that abouv
five to eight iterations result in changes in bearing spring rates and bearing
reactions that are negligibly small.,

In order to facilitate the analysis the machine is characterized as a
lumped mass parameter model, Figures 1l and 2 are typical models., Further
breakdown of the model into bays is accomplished. A typical bay is shown in
Figure 3. The bays consist of massless beam elasticity elements that connect
tc lumped mass points. More discussion on this type of idealization for dynamic
analysis can be found in References 1 through L.

II. METHOD OF ANALYSIS

Analyses of complex multi~degree-of-freedom systems, of which the rotore
stator system is one, are commonly undertaken using matrix transfer techniques
and the methods used herein are based upon this technique. The system is
first reduced to an idealized mass-elastic model such as shown in Figure 2 and,
then subdivided into bays of the type shown in Figure 3.

Qe 9 9 ? ¢ 7
:nd O o, ¢ \ ‘“é L } Start
S @ \\ “ Q‘j
° i‘-‘-” O

“i ‘
e e ‘ 1st Interior Point
2nd Interior Point
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Then a column matrix containing all the types of load and deflection variables
which can occur in the system is made. This column matrix is called the

"state vectore" At the start, the state vector consists of the boundary
conditions; both known and unknown. Next, 2 matrix equation is written which
transforms the variables of the state vector from their values at the start to
their values at the first interior point in the system. Further relating the
conditions at the second interior point to the first interior point intern
relates the second point to the start. Thus far, two matrix transformation
equations are required: +the first is for a transformation of variables across
the idealized mass (Figures L and 5) and the second is for transformation of
variables across the idealized elasticity (Figures 6 and 7). The procedure

is continued until the last interior point and also the start is related to

the end point. Then, by utilizing the boundary cocnditions at the end; the unknown
conditions at the start and at the end can be evaluated. Once all the boundary
conditions at the start are known, all interior conditions can be evaluated by
re-walking through the system to the end.

At the start of the first bay N = 0, thus
a0k = sk

Assuming the model starts with elastic elements we have going across the
first elements in bay 1.

{y}F = (=] sk
And across the first lumped masses in bay 1

1aF = (R] Ak = (7] (5] {8}
Next; across the second elasticity |

14k = (5] Ao}k = (] (7] 5] {a}F = [c)] <4 F

In like manner, transformations can be made across each bay, expressing
each state vector in terms of the previous state vector, and thus in temms of
the initial state vector.

N=N

N Ns1a |
{4 F o= ’11; [ch> {8,k = (0] {4}

STA
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In expanded form we get,

V] b dp 4y 4y dg G 4y Gy ] [V
L A A Bt BT
® day - . . . . . dyg  dyg &

Y da -+ e e .. &g dgl ¥
VP g - .« .« . dgg dgl AV
Ml Mg . . . ... dgg dgg|
Ll
Y| Mg .« e« . . dgg dgol [
bl lo o o o o o o o 1] B

STA

<

The resulting above simultaneous equatién are reduced to four simule
taneous equations by virtue of the four known boundary conditions at each
of stations N = O and N = NSTA. Then, solving simultaneously the remaining
boundary conditions at station N = O are evaluated.

For instance, if

. - o
(0] 0
0 0
® P
Y Y
{4, F = ot and A F = o |-
ANS‘I‘A °
0 0
S X
Y e
* in Lo
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The following system of equations are sclved:

0] Ry a4y G &) f7
1oL 2 P % %7 %s %9| Y|
Ol g3 dgy dgyp dgg g (¥
°] %3 Yeu %1 des dssﬂ Y

1o

After the entire conditions of state at N = 0 are known, all other state

vectors are evaluated by repeating the chain multiplication.

All [FN] have elements containing w. Thus to obtain the dynamic respense
over the entire shaft speed range of interest, the aforementioned procedure
is accomplished first for an initial given shalt whirl frequency w. Then the
procedure is repeated for the additional number of frequencies, separated by
the increment Aw, required to define the response of the system in the range of

interest,

IIT. THEORY AND DERIVATION OF EQUATIONS

A. OSTATE VECTOR

- The state vector [A] is defined as the colunn matrix of the shear,
moment, slope, and deflection of the beam or beams at the end of bay N. The
ninth element of the state vector is the constant one which permits the inclusion

of the load constant in the transfer matrices.
r——

PRV N
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Be MASS TRANSTER MATRIX
Figure i illustrates a free body diagram of the lumped masses at

bay N and the forces and moments which act upon the same. The corresponding
equations of equilibrium and compatibility are presented in the same figure.

Some of the terms may require more explanation than is given in
the nomenclature. The term yNwz represents the “"forcing function" caused by
imbalance or conical whirling mode of motion and its associated centrifugal
forces. The stator has an element labeled dN; this element has infinite stiff-
ness and permits the lumped masses of the rotor and stator at bay N to be
located at positions other than immediately above or below the other. The
temm (IJN - IXN) &, w2 accounts for what is often called the "gyroscopic effect.”

N
This term is largest in the bays that contain inducer or turbine vheels,[1]

The transfer matrix across the rotor and stator mass at bay N is
given in Figure 5.
C. ELASTICITY TRANSFER MATRIX

A free body diagram of the elastic elements that connect the adjacent
lumped masses is shown in Figure 6., The resulting equations of equilibrium

and deformation are also included in Figure 6,

The terms in the equation are straightforward with the possible
exception of the term
Crty

T NR

This component expresses the deflection resulting from shear which
may be of importance in short stubby shafts.
The transfer matrix across the rotor and stator elastic element
is illustrated in Figure 7.
D. DPROCEDIME FOR NON-LINEAR LOAD-DII'LECTION BEARING SUPPORTS
Tn applying this program to the lateral vibrations of turbo-

machinery, the roter is represented as one beam and the housing as a second

ocam. Tho bearings connecting tham arce represented as springs. However, the

{1] Den Hartog, J. P., Mechanical Vibrations, New York, Mciraw-gill 1956,
Lth ede, ppe 252-265 and ppe 270=373e
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load deflection relationships of typical turbomachinery bvearings are not

linear. One relation given by Palmgren [2] for roller bearings is of ihe form.
9,48
5 = ¢y (P*7/2°°)

For a given effective length, ¢,

=P - 0.1
K "5 C,P
which is a non=linear function of P, The force on the bearing, P, is a
function of the unbalance in the systems, and is magnified greatly in the
neighborhood of resonance. As bearing loads increase, the value of ¥, or
stiffness, increases., The effect upon a plot of bearing load versus shaft speed

is to cause a leaning~-over of the curve [3].

The computer program treats this effect by calculating a spring rate

K = AP

where A and B are constants, A value of P is assumed (Po), K is calculated
from the above equ,tion and then a forced-vibration analysis is performed.
From the resulting deflections, the load in the bearing is calculated P = KY
ors P = KY=KY! if working with a flexible housing., This value of P will, in
general, not agree with the value P, upon which K was based, Thus, a new K

is caleulated and the cycle repeated until the resulting P agrees with the
assumed Py All of this iteration and convergonce is based upon a single fre-

quency w. Once convergence on K is achieved for a given w, the frequency is
changed until the range of interest is investigated. The projected Po for sub-
scquent speeds is given by (starting with the Lth )

il 1-3

Pol = 3,0(P P2y 4+ p

This prediction equation was found to be needed to obtain convergence in a

sufficiently small number of iterations as the w dpproaches resonant we

(2] Palmgren, A. Ball and Roller Bearing “ngineering, SXF Indusiries, Inc.
3rd #Zdition, 1959«
{3] Den Harlog, Je Pey, Ope Cite
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1 Title Card -

P o P T 2 0 ok

Columns

Control. Card

Columng

re nz
Columns

3. Bay Data Card Moo

s PP
Ci) PR VEavete]

.o

vt e

~ - M 3 4
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1 ~ =L Fald
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Number of Shaft Speeds at Which Response
1o to ba evaluated.
Tnitial shafd speed, o,ovs por second.

~ -"»}‘;(“

Ineremont in ghaft specds, AW, TP

Value of a (51\ V.
Subscripts of 6 Mo
Value of b / 2eéro cquantities 2 !
of State Vector 53 ®
Vaiue of ¢ AV
| ¢ Vsta.) G, T
Value of d {c&: 5 }n < v

Subscripts of

non-zero quantities 7 1

of State Vector
Ao

mz
{

=3

o]
L]

~J o
—

-y

Q
o}

0O = Iinear

Spring representation flag Y 1 = K = APD
SF {_-1 = Table of P vg K

vV

Vaiue of (1)

Valze of L{2)
- N -1

Tainra of L' (1)

v - =1 20N

vadng ol L\2)

P
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e DAy ialc
Coiuvmns 1 - 123 Vaive of EI(:‘_)
13 - 2h: TValue of EI(2)
24 . 35: Valuve of EI{(l
37 - L8: Value of 5T’ (2)
v Doy Dain Cord Mo, 3

CoLunms 1 - 12: Value of a(1)
13 - 24: Value of G(2)
of . 36: Value of G'(1)

37 - LB: Value of G'(2)

6.  Bay Data Card Mo. L

of C(1)

L}
]
N
X}

ot
£
o

e
4

Columhs 1
13 - 2h: Value of c(2)

¢' (1)

-

37 - UB: Value of c'(2)

7. Bay Data Card Mo. e

Columns 1 - 12: Value of IJ

13 - 2 Value of d

8. Day Datr
Columns Lo- 370 Value ol W
i3 - Tht T2 of !
ot - 2%y Valuo of K
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f. Table Trrat Cartral Cavd (enly A7 7 ovs K Table is to be dnpull
Colvrns 1 - Z: fowher of Tables
6 - 7: Bay for first P vs K Table data
9 - 10: DBay for second P vs K Table data
12 - 1% Bay for third D vs X Table datna
2= i vy or fourth 1P ova K Table dada
10, Table Tnout Titde Cand (enly if Table o to be jnput)
Columns 1 ~ 70: Title
Tl -~ 72: HMumber of P vs K Points

11, Table P vs k Data

Card:

3 (one card per

P vs K Point)

Columns 1

12:

Value of P (1bs)

13 - 2li: Valuo of K (Ibs/inch)
THI OO OF THL CAund 16 T INDUT DICK ARDE:
Cards 1 and 23

A

3 through 8 for firat

N oy dim o
bay data;

Reneat Cards 3 through 8 for each additional bay;

as required.

v . - o -
tiaximum number of bays
oddmun moaher of P vs

-

Tables of P vs K inpubt are glven, add card 9 and cards of type 10 and 11
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v i
Tre output consists of the follovin:
1. Print out of: Title Card, number of roots or shaft speeds

at which response is evaluated, initial value of shalt speed
®, Hw, and boundary condition control numbers.
2., Print out of all bay input data
L{1) = (1)
L(2) = I(2)
L(3) = L'()
() = 1(2)
ETC.
3. For each sha{t cpeed;
Print out of KX’ poX’ PT at bearing stations for each iiesration,’
print our value of and characteristic determinant, print out
values of V. M, 0, T, V', H', ', ¥' starting at the top of
the print oud with values for the "start" of the first bay, then

the end of the first bay, then the end of the second bay, etc.
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137S.FT/SEC, M.Bs SPEFD CASE 2 ROTOR SK3705-52 1,85 1.85 1.8 FEI=S NUMRER OF STATIONS 20

[

NUMBER OF ROOTS 8 CMNEGA 300. 000 DELTA OMEGA: 15,000 1 2 S 6/"3 4 7 8 . 1 ?
Le1) L2y ﬁ L(3) L(a)
N
£

V.0 0.0 i 0350000000 01 0.35Q0N0000
0.0 0.0 . 0.30000000D 01 0e300QO0ON0D
0.106000000 01 0.10600000D 01 B 0.3000N000N 01 0e30000000D
0,1050C00000 01 0.,1050000CD 01} ~ w 0.35000000D0 01 0.350000000D
0.,1704000000 01} 5 0.,10400000D 01 -~ S 0.,A5000000D 00 0.650000000
0670000000 90 - 0.,600000000 00 : ! ™ 0.40000000N 00 Yoo e v s 0800000000
0.93000000D0 06 0, 930000000 00 ng 0.150000000 01 0.,125000000
0.0 0.0 ot 0.0 0.0

0.,26600000D0 0% 0.166000000 01 . B 0.,15500000D0 01 0.55000000D
(e92000000D0 0O 0920000000 00 g; s 0.0 0.0

0.96000000D 00 0. 360000000 00 ¢ - 0.0 ’ 0D

0.12100000D O1 . o 0.12100000D0 01 v - 0.0 : 0«0

0.0 0.0 R 0.0 Oe D

0.27¢000000 0276000000 00 s 0.14000000D 01 0.14000000D
0430000000D 0.61000000D0 00 i 0.150000000 01 0.14000000D
0.40000000D 0.55000000D 00 ! 0.14000000D 01 0.14000000D
0.40C0C00COD 0.400000000 00 - N 0750000000 00 0.21509000D
0500000000 0.50000000D 00, ’ N.15000000D 01t 0150000000
04500000000 0.500000000 00 04520000000 00 0500000000
0. 300000000 0,500000000 00 0.37000000D0 01 0.370000000

EIC(1) ET(2) E1(3) Eray

0.0 0.0 0.77000000D 10 0. 770000000
0.0 0.0 0.77000000D 10 0.77N000000D
0657000000 0.657000000 08 0520000000 10 0,520N000000
0.10000000D 0.,186000000 09 - 0.2100n0000 10 0210000000
07610006000 0.24000000D0 10O R 0.50000000D0 07 0183000000
0e31100000D 0.31100000D 11 - 0.,475000000 11 0.47500000N
C.6032000000D 0,359000000 09 0.425000000 12 0e16200000D
0.600000000D 0.,60000000D 09 0195000000 12 0.195000000D
0266000000 0.24000000D 09 04142000000 12 D.276000000
Cs181C0000D 0, 288000000 09 0440000000 11 0.4400NN00D
Na232000000 0232000000 09 0.52000000D 11 0.912500000D
0.25800000D 0258000000 09 0.,17000000N 11} 0150000000
0e«25R000000 0258000000 09 4 0.,170000000 1% 0+15000000D
0376000000 0.376000000 09O 0.16500000N 11 Qe 1650100000
04244000000 0. 825000000 09 0.165000000 11 0.16500000D
0157500000 0. 157500000 11 , 0.165000000 11 N,165000000N
0.650000000 0.650000000 10 : 0.62000000D 11 0.160000000
0.65000000D 0.65000000D 10 04120000000 11 04860000000
0.650000000 0.650000000 10 0,103000000 11 0.10300000D
0.65000000D 0. 650000000 10 - 0,.,600000000 11t 06600000000
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W SUB N1 . W osuB N2 L ksuB NI o K sua N2 A suB x . -' B 3UB X

0.0 Gs.700CNC 0.0 0.0 0.0 N0
0.0 0.8400C00000 02 0.0 0.0 0.0 0.0
0.43600000D [+3 B - 0.8542CC0COD @2 - Qa0 » Coe 0,0 0,0
0«86900000D 01 04509C0000D 02 0.0 0.0 Co0- 0.0
0.151800000 02 Ca500C0000D0 02 0,0 0.0 D0 N,0
0e840400000D 02 - 0,35000000D 03 . 0.0 0.0 00 00
0.73000000D o1 . 0.13700000D 03 0.0 e : . 040 040 N, 0

«0 0.0 0.0 . . 0.0 N0«11930000D0 06 0311000000 01
0.14170000D0 02 0.34700000D 02 0.0 0.0 0.0 0.0
04653000000 O} 0.0 0.0 . 0.0 0,0 NN
0.617000000 01 - - 0.0 0.0 it . - 5 ga0 0.0 0.0
0.104300000 02 0-0 0.0 — . 0.0 0.0 0.0 -
. 0.0 . 0s0 0.0 0.119300000 06 0.311000000 01
0.27300000D 01 0467500000 02 + . 0u0- 0.0 0.0 4 : 0.0 :
0.48500000D 01 " 0.S85CO0COD Q2 Y- 0.0 0.0 N,0 0.0
0.512000000 02 0.145500000 03 0.0 , 0.0 0e0 0.0
0.81000000D 01 0.175000000 03 0.0 SR 0.0 0.0 0.0
0.46000000D 02 0.650000000 02 0.0 . 0.0 0.0 0.0
0+.98000000D 01} 0.40000000D0 02 « BN Qa0 - - T 040 0.0 - 0.0
0.450000000 02 0.100€00000 03 - g.o 0.0 0.0 . 0.0
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~0.,10369138D 02
—0.27037398D 02
~0,3242218%60 03
-0,52440085D0 N3
~0.529€2366D 03
0.65322630D 03
0.648814860 N3
04642865350 03
0«637302720 03
Csa63392247D 03
=0.,19248299D 04
—-0.19230383D 04
-0.191651970 04
-0,144524310 04
—0.141801350 04
-0.81823313D0 03
~0.76607800D0 03
0.,221405120-09

V PRIME

0.0
~04157876130 02
~0.145706380 02

0.37661990D 01

0.24%42494D 02

0.471062880 02
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OMEGA

0.300000000 03
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C. 0
~0.,721000150
~0. 392247150
-0,398025280

0

0.352373090 04
0,507132880 04
0.50713288D 04
0.403668470 04
0229938760
0.15505695D
0.47874940D
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~0¢563944370D
=0+ 64329697 D~
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OWWWwed

0.0
~0,729471750
—0.18142893D
-0422316548D
~0.12676%620
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0.179126050
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-9.,70398768D
-0. 703987680
-04703987680D
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0. 972931960
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0145985400
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0.13134979D
0+135977420
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0.13346673D
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.}35050630
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~0,13952712D 02
=0.26206379D 02
-0.388922470 03
=-0,566709150 03
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0e737891710 03
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APPENDIX F
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vz Y(J=1) 61205023

YITY(J~2) 61205024

) e 6D YO _NBp{32:42) 61205025

30 1F XS =BY29: 37237 61205026

37 IF(J=2)31+31,28 61205027

2B _ _hSSIGN 40 TO _NA 61205028
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—_— .31 DO 6D J=1e3 61205031

XC(Jr=X(J) 61205032

60  YC(JI=Y (W) 61205033
B2 DEX2XY _ 61205034 _

Alz «xi 61205035

£2ZRe 61205036

. o YE=AL *a?/z 0/D% ((Y3=Y2)/(X3=X2)=(Y2=Y1) /D =A2/D%Y1+AL/D*Y2 61205037

GO TO 50 T61205038

40  ASSIGN 42 TO NB 61205033

GO_T0. 27 61205040

42 X4IX(J=3) 512050048

YUY (J=3) 61205042

e o DEX3-N2 61205043

ALZB=X2 61205064

A2=B=X3 61205045

U XMI2z{Y2=Y1)/(X2~-X1) - 61205046

XM23=(Y3~-Y2)/D 61205047

AMBG= (Y Y=Y3) / (X4=X3) 61205048

e o YEZAIAAR#%2/2.0/Du% 2% (XM12=XM23) +A2 A% K2, 2. 0L/ 0%x2%x (KMIU=XM23) =A2%61 205049

1Y2/D+A1%Y3/D 61205050

50  YO=YE 61205051

e ee o .. __ RETURN. $1205052

END 651205053
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¢oCooY DIMENSION BLO(1) 13104 19
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009015 DIMENSION DETA{SD) DBETA(S0) »DFLEX(S0Y 13104 27
T oeQois DIMENSION EIMTRX(9,2)+E2MTRX(979) s AMATRY(9+9) sBMATRX(959) r 13104 238
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QUOOLE 2 DUMMY{9) s C{B) o ID(S) o X (L) o KIN(B) »QONOFL(9:50) sNREP(16)__13104_30
00019 DIMENSION DPN1(50)+P0(50)DANI{50)sDBNL(5I), P1{50),P2(50)»P3(50) 13104 31
DC0020 COMMON  Di.l o DL2 » OL3 o DLY ¢ DEI1 s DEI2 ' 13104 32

200021 N 1 DEI3 » DEI4 s DGL » D62 + DG3  » DG4 ' 13104 33

T gonne? 2 pel ¢ DC2 s DC3 s DCU4 ¢ DIJY  » DX ’ 13104 34
660023 3 DGAMX » DIX? ¢ DWNL ¢ DwWN2 » DKN1 » DKN2 ’ 13104 35
soedzs g EIMTRX p E2MTRX s AMATRX » BMATRX » CMATRX » FMATRX 13104 36

T oogoo02es S KC y KD ¢ KM ’ KN » KO ¢ KP ’ 13104 37
200628 6 DETA v DBETA + DFLEX ¢ DPN1 v PO » DANL ’ 13104 38
_gsgo27_ 7 DBN;___L_LEgﬁg_ + NTRIAL » B » DLMTRX » SMATRX 13104 39
500628 8 DUM : KK ¢ HA ¢ KR 13104 40
365029 CALL rXPANJ 13104 ul

__ooen3s o PO 999 II=1,10 13104 42
006031 999 NREP{II)=0 13104 43
000032 LINE=E 13104 44
G00033 30 QrAa (55 30000ENDT 6000\ TITLE. NSTAr (IDP([I)s II= au> . 13104 45
204034 EAD U 5:3001)NROOT »OMEGA 1 DOMGA KK e KAs KB LC KD KMo KNy KOy KPP+ IFLAGL3104 46
nuoauv erTRxAL 131604 47

5036 NG 35 NzioMSTA L o 13104 a8
oda057 CALL REPEAT(DLI(N=1Y,DLI(N) v DLZ (N=-1Y/DL2 (i1 ¢ DLI(N=1) ¢+ DL3(N) s DLL(N=13104 19
006038 13} s 0LBINY e X{1) 2 X (1) o X (L) »X (1) o NREP (1)) 13104 S0
_goge39. CALL REPEAT(DEIL(N=1) DEIL{N)sDEI2(N~1),NDITI2(N) +DEIZ(N=1)sDEIZ(N) 13204 51
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00uoul CALL REPEAT(DG1(N=1)+DG1IN)+DG2{N=1)yN52{11)2D63(N=1),DG3(N),DGU(N=13104 53
G’Fhwz e 11)»Dc4<n>px<1>oy(1),x(1)pv(1>vuntptg)) 13104 5y
cuues’ CALL REPEATI(DCL(N=L),DCI(N}»DC2(N=1)DC2 0D yOCSIN=-1),DC3(N) sDCH(N=13104 55
c,uu4 13 vDCHINY pOFNIIN=1) s DPNL{N) »DFLEX{N~1} s DFLEXIN) s NREP(4)) 13104 56

000045 CALL REPEAT(DIJL(M=1)rDIJLIN) sDX(N=~1)sDX (i) sDGAMX{N~1)»DGAMX(N)»DI113104 57
360046 IX2 (N=1) o DIX2 (MY sDETA(N=1) s DETA(N) 4 DBETA(N--1) s DBETA(N) +NREP (5)) 13104 58
900087 CALL REPEAT(DWNI(N=1)»DWNI(N) oDWN2{N=1)sDUN2 (N} »DKNL(N=1)»DKNL(N) 13104 59
363045 10KV*(N 1):DKN2(N)»DAN1(N 1) o DANL(N) o DRAMICI=1) sDBNI(N) o NREP(6)) 13104 60
265049 35 CONTINU 13104 61
502058 WRITE 674000) 13104 62
000031 WRITE { 6+400L)TITLESNSTA 13104 63
560652 WRITE ( 6r4C23INROOT»OMEGA+DOMGA P KASKBrKC . KD o KMsKNoKO 9 KP,IFLAG, 13104 a4
300033 INTRIAL 13104 &5
Gneose LINEZLINE+NSTA+S 13108 66
IGLEBY T T T T IR ILINE-S5 ) 3G, 39,738 13104 &7
RNAUSE 38 WRITE ( 6.4022) 13154 68
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60 WRITE ( 6¢4010)DIJLIN) 2DX(N) 1DGAMX (M) 9 DIX2(\) »

DETA(N) » DB13104i08

060697
000398

Q60100
GoGLUL
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822107
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£L8109
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FOR IFLAG = =1 P-K TABLES ARE INPUT (MAX. CF 10)
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S

PISRS SR

LInizl 13104 69

3G LRLTE L §.4002) o 13104 70
GO 40 HZ1sNSTA 13104 71
CWRITE ( 6:4008)0L1{N)DL2(N) (DLI{N) pDLH(N) 13104 72
LINE=ZLINE+NSTA+Y T 13104 73
IF(LINE~SS)44054,,43 13104 74

43 WRITE ( Ge4022) 13104 75
LINE=1 13104 76

44 WRITE ( 6:4003) 13164 77
DO 4% Hz1eNSTA L 13104 78
WRITE ¢ 56s4008)DETL(N)sDEI2(NY?DEIS(N) +DEILIN) 13104 79
LINESLINE+NSTA+4 13104 a0
 _IF(LINE=55)49,59,48 13104 81
48 WRITE ( 6:,4022) 13104 g2
LINE=] 13104 A3

49 WRITE ( 6o4004) 13104 B4
DO 50 N=Z1sNSTA : 13104 85
WRITE ( 6040068)DG1(NIvDG2(N)»DG3({N)»DGG(N) 13104 86
LINE=LINE+NSTA+Y 13104 87
IF(IFLAG) 70951970 13104 88

70 IF{LINE=S5)72:72,71 133i04 a9
TV MRIT=Z _{ %04022) - 13104 90
LINEZZ : 13104 of

72 WRrRITE { 6:4015) 13104 92
DO 73 N=_1:NSTA__ 13104 a3
73 WRITE ( 6;4010)DC1(N)vDCE(N)oDCS(M)eDCu(N)v)PNl(N)» DFLEX(N) 13104 94
6C TO 56 13104 95

L _TF(LINE=55)54:54,53 13104 96
53 WRITE ( 6:4022) 13104 97
LINE= 13104 98
54 WRITE {_605005) _ _ 13104 99
DO 5% N=1»NSTA 13104100
WRITE ( 6,4008)DCLIN) »DC2INT oDC3 (N} o DCUIN) 13104101
 LINE=LINE+NSTA%Y 13104102
IF{LINE-55)59:59,58 13104103

58 URIT; { 6s4022) 13104104
LINE=1 13104105
WRITE ( 6 4006) 13104106

DO 60 N=i.NSTA 13104107

1IETA(NY 13104109
LINEZLINE+NSTA+4 13104110
IF(IFLAG).80+61580 13104111

80 IF(LINE=55)82,82,81 13106112

81 WRITE { 6:,4022) 13104113
B2 JRITE L 604017) 13104114
DO 83 N= 1sNSTA 13104115

83 WRITE { 6r4010)DWNLIN) o DWN2IN) ¢DKNLIN) »OKMNZ (N) DAMLIN) »13104116

e 1DBNLIOWY 13104317
60 10 66 13104118

61 IFILINE=55)64:64:63 13104119
83 LRITE (_6eb022) 13104120
64 GRITE ( 6s4007) 13104121

DO €5 N=1oNSTA 13104122

- 65 . WRITE (_6+4008) DWNLEN) »DWN2(N) 2 DKNL M) » DKN2 (N) 13104123
66  LINE=1 13104324

WRITE ( 604022) 13104125

IF{IFLAG) 90599099 13104126
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TO0117 . C TALP, TABRK(3eM) SELECTS _THE  3RD_POINT OF _THE_ bIH TABLE L BINWI R e
toniis C TABLES ARE SEGUENYIAL FOR INTH 13104130
300119 € oo e e 2 2 3K s o e e 8 ok 3 o 200k e s e el oo e o o o RO s R ok ok Sk e okok R Rk R Rk R R R R e % 1 3104131
GOGI20 90 READ (5,2004) NTAR, (ISYA(IYY e XI=a oNTAB Y AR OY B2
000321 2004 FORMAT (12,2X161I3) 13104133
00uize WRITE (691007INTAB» ({ISTA(II)+YI=1/NTAR ) 13104134
000123 1007  FORMAT. (1H198X18HNUM?FR OF _TABLES.  I2»3X3LH_  INPUT AT _THE FOLLOWINI3ING13S. o
copi2y 16 STATION 2X101I3 ) 13104136
Coui2s DO 213 v_ ;rJTAB 13108137
QU120 READ (B52003)  TITLESNPIT(M) . e e LA BN B e e
guoiz27 3003 FORMAT (11A6+ALs12) 13104139
Goulze WRITE {(6+3604) TITLE.NPIT(M) 13104140
_esolees 3008 FORMAT _(1HOe11A62 Al 8X25HNUMBER OF POINTS. IN. TABLE»I3s6X _ . ISEUUU B D 6L L U SN
goo120 1 l2H{MAX 1S 150) ) 131041082
000131 WRITE (693005 13104143
00132 3005 FORMAT (1HQLQHX1HP919X1HK ) o 13104344 o L
000133 c 13104145
000134 NPITMZNPIT (M) 13104148
Q00438 o DO 91 J=1NRPITM__ o A0 L N
0gu136 READ {(5,32002) TABP(JrM),TABK (JsM) 13104148
co0137 WRITE (673006) TABP(J#M) e TAUK{JIM) 13i04iug
000138 3006 FORMAT_(1HO018XeE15.2¢5XeE15.8) _ e 153308180 L
a0u139 - 91 CONTINUE 13104151
G00iaG C . 13104152
00034r TABP(NPITM*1,M)=0,.000 D 33 101 & .
Tpuuia2 TABK(NPITM+1,M)=0,000 13104154
SRR3R RE% 213 CONTINUE 13104155
Jooiny ~ C . o o o B I 2 810 £
Q00LES g9 TMOD=COMEGA*6,283185307179586 13104157
goulide ODMOD=DOMEA%6,2831858307179586 13164188
atain? c o o I B 2 1L B
GoulHg” T T T TCTTINITILIZE ELSE2VAND F MATRICES 13104160
GUDLLY C 13104161
00150 o 100 DO 13190 I=1e¢9 ) i3wesle2 o
TCuu1sL DO 110 Jzl.9 13104163
300132 . ' IF{I=-01105:106,10% 13104150
¢ooiss 105 EIMTRX{I.J)=0.000 e o L IBN0NLeS e
Caulse EMYRX{(T2d)=0.000 13104165
Cuiins FMATRX{T»J)=0.000 151064167
GGoise - 60 T0 10 . T s 5 1L O - S N
000157 106 EIMTRX(I+d)=1.0D0 13104169
Couing EAMTRA{L,J)=1.0D0 13104170
Q00159 . . FMATRX{I,J)=z1.0D0__ ) e X33OGSy I R ~ .
gu0r o0 i10 LON INUFE 13104172
geoist OMGW=TMOD=-DMOD 13104173
gogle2 o DONMG=DMOD o o I 53 4315 & 4 S ~
062103 0O 150 MMMz1,NRGOT 13104175
cugish OMEW=0MGW+DOMG 13104176
U00LaEs b**vk#*¢ﬁﬁ*#*4**4#*#***pd#**#§f§i¥***¥*ﬂ**#*k**‘************************13104177 e
co0iss 0 COIFLIFLAGILZ0144830004301 13104178
00ui67 4301 IF(MMMwL)Y4302,83020430 13104179
000les 0 u302 GO YO (430,431,0320433)oMMM istowimoO
QOO169 7 7T Okt ot okt e e R e 5 o 3 9B 9o o o oK K o o o K o o o o o o o £k R e otoRoR ok Aok okl Rk 1 3104 1R Y
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000171 340 POIM)=DPNI(NY e o 3104023 L
0003172 GO TO 4300 13104184
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431 DO 341 Nz LeNSTA L _ ) 13104186
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GO YO 4300 13104188
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33179 342 P2IN)=.SDO={POIN)+DPNLINY) 13104151
_ gooxQ oo 60 T4 4300 13104192
060011 (€ o 8 o e o SR o e o S o R o o K R e o R o R oo oK K KR ok o Ak ke ok Rk ok ok Rk k£ 13104 103
600182 433 DO 343 Nz 1¢NSTA 13104194
060183 L o P3N ZLER0x(PO(N) +DPNLIIN)) 13104195
co0lsy PON)Z3,DO*{PI(NY=P2(N}I+PL(N) 13104196
GunLas 343 DPhl(N)_PD(N) 13intia7
030185 _ GO Yo 4300 13104198
conle7 fv****r~******»*v*vp*******AK*ﬂt** ***********#4******L***************#*13104199
0001988 434 DO 3u4 N= 1,NSTA 13104200
000189 _ _PLN)EP2(NY _ 13104201
090190 P2INYZPS{M) 13104202
£o0l9l F3(N)Z-3D0%(POINY+DPNLINY) 13104203
Qas51e2. e PN T3 DORIPIINY~P2 (R I 4PY (M) . 13104204
000193 44 DPNLI(NIZPO (N} 13104205
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Q0895 430000 600 JERRY=Z 1. .NTRIAL 13104207
[ARCIDAS) < 13104208
Cugice? c FIND (DELTA)O 13104
_...u3cics __ U, I 13104210
Co0199 DO 130 I=1,9 131042481
5C0230¢e DO 130 J=1-9 13104212
eoC201 L IF(I-d12501260125% 3104213
CULJ»Z 125 CMATRX{(I»u)=0.0D0 13104214
0LR203 GO0 TC 1390 13104245
000208 126  CHMATRX({ILJ)=1.0D0 13104216
cegaun 130 CONTINUE 15108217
ciinie Mz1 13104218
GCo207 _ D0 133 N=1/NSTA 131042419
GLOZn8 (F{IFLAGYS9142 13ic4220
0fu2d9 2 IF(DAML(N))qeivu 13106221
y0021g 6 IF(OPNL{N)I1,1,5 13104222
00L2il ™ 5 PO{N)TSDO% (PO IN)Y+DPNI (M) 13104223
96CR1z CALL, INT4(TABP(1oM) s TABKI{1eM)»PO(N) sDKNI(M)) 13104224
02213 - M=viey 13104228
Gzl DEKNIINI=DENL(N) Z/(DFLEX INY+1.0D0) 13104226
QUL2ls GO 70 1 13104227
~GCP(lc 4 POINIZLBD0%(PCIN]+DPNLINY) 13104228
JQ0217 DEKNLINY=1. 0006/ (DFLEX(NY +1., ODO/(DA\l(N)#PO(N)#*DBNl(N))) 13104229
0L0218 1 CALL SETUP(QOMGWN) 13104230
00&239 . CALL_ MATMPY(FIMTRX{101),CMATRX(11)sAMATRY(151)29,9,90999) 13104231
goe220 CALL MATMPY(EZMTRX{1,3)2FMATRX{L: 1) eBMATRY{151)99+999+9,9) 13104232
fos221 CALL MATMPY(BMATRX(1s1)YsAMATRX(1,1)sCMATRX{191)29,959¢9,9) 131064233
135 CONTIMUE___ 13104234
OPRT=OMGH/6.2683185307179585 13104235
140 DO 1140 I=1.8 15104236
] 1140 DLMTRX(I»1)=0,0D0_ 13104237
GCuz2e DLMTRX (9,131,000 13104238
060227 10{1)=1 13104239
_Geor2e __ ______ __ iptzyz=e _ 13104240
400229 1003Yy=3 13104241
a035236 ID{4%)y=4 13104242
00025 ID{(Sy==-y o . _ 131042043 _
20232 CALL SImG2
0@3’Jj C 13104244
Lugz3h c SOLVE FOR DELTA{MI»DELTAINY +DELTALO) ,AND LELTAL(P) 131042685
52Ue3H ¢ . 13104246
Loa0r 3 COLIZOMATRA(LA P KM 131068247
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CU2)=CMATRX(KAIKNY
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13104248

C{3}=CMATRX(KAKO)
ClG)=CHMATRX(KA»KP)
C(5)=~CMATRX{KA,9)

e

131042489
13104250
13104251

CALL SIMST(C»IDY5+BLOPRHI)
C{L1)=CMATRX(KB,KM)
C{2)=CMATRX (KB KN)
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C(2)=CMATRX (KT oKN)

TTIUETRSUB=KID (L)

TDLMTRX (KN 13 =X{KSUB)

CALL SIMST{C,»ID¢5+,BLO/BHI)
C{1)=CMATRX(KC o KM)

13104252
13104253
13104254

13104255

131064256
13104257

13104258
13104259
13104260

C{3I=CMATRX {KCrKO)
ClL)=CHATRA(KC I KP)
CL5)==CMATRX{KC»9)

13104261
13104262
13104263

TCALL SIMST(C»IDs59BLOFBHI)

CLL)=CMATRX (KD rKM)
C{2)ZCMATRX(KD 1 KN)

13104264
13104265
13104266

Cl3)ZCMATRX (KD KO)
CLR)ZCMATRX (KD KP)
C{5)m=CMATRX(KD:9)

TCALL SIMST(C/ID:S BLOPBHI)

CALL SIMSD{XsKIDsDAXKERR ITEQN)

IF(KZRR) 310,165,310

CLATRX (KMe 1) X {KSUB)
KSUB=KID(2}

13104267
131042468
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13104271
13104272
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KSUBZKID(3)
DLMTRX (KOs 1) =X (KSUB)

UYAR
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0O 147 I=1.9
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13104277
13104278
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DO ‘4 N 1PN$TA
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CONTIVUE
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6Ge0312
06513
000314
Lecu3l1s
630516
LOGLLT
(MRt

000319

003320
_BGgL2L
ongs22
0304323
0"0?2“
00525
00052
000327
500328
000329
006540
3003531
L003%3¢e
0003533
CUO$3%
30735
0!.0 )OO
960337
£03338

INUCRD)

L RLY

000343
6CO3LY
000345
0CD34S
050317
010348
060349
000350

062252
DUG353

000354

Che555
Gu03506

/e

DC 1150 1Z1.0.5TA N _ 13104308

WRITE ( b.nooa>(onthL(m 1) /NS, a) 13104309

LINEZLINE+] 13104310

e IF(LINE-55)1150,1151+115] 13104311
1151 wWRITE ( 6+4023) 13104312

LINE=2 13104313

. 1150 CONTINUE _ o 13104314
LINE=1 - 13104315

180 CONTINUE ' . 13104316

< ~ 13104317

C END OF CAS3E ! 13104318

c 13104359

WRITE ( fs4011) 13104320

G0 To 3¢ 131043221

¢ 13104322
% _KERR FROM SIMSET 13104323
¢ 13104324

310 WRITE ( 6+s5C000)KERR,DXX 13104325

e NRZG o . B _13104306
NCE9 13104327

CALL PRINTM{CMATRX(2,13sNRINCINR,12H  CMATRX ) 13104327

S 60 Yo %0 13104329
3000 FORMAT (11A67A4,512) 13104330

3001 FCRMAT (I12+2512.6¢10Y3,14) 13104331

o 3002 FORMAT (BE12.6) o o o : 13304332
LU00 FORMAT (1H1,50X3CHJOR E13104 VIBRATION ANALYSISZ/7) 13104333

40021 FORMAT (1M 11AHe AL, 19HNUMRER OF STATIONS I2//) 13104334

o __.B002 FORMAT _(1HOLZXGHL {1} s 29X LHL(2) 0 20XAHL (R 29X4HL{4) //) 13104335
4003 FORMAT (1HOI2XEHETI(1)»28X5HET(2) s 28XSHET(3) »2BXSHEI(4)//) 13104336

4004 FORMAT (1HO13XAHG(1),29XLEHG(2) s 20XEHG(3) s 29XLHG(4) //) 13104337

o ___40G5 FORMAT_ (1HOI3X4HC (1) s 29X4HT(2)»29X4HC (35 29XUHC{8Y/ /) 13104338
4006 FORMAT (110 7X7HI SUBJ1, 16X2ZHOX» 1 6XBHGAMMA (X) » 14X8HT SUB J2, 13104339

13UX3HETA 16XUHBETA /7 ) 13104340

4007 FORMAT _(1H012X8HW SUS N1,25X8HW_SUB N2»25X8HK SUB N1,25X8HK SUB N213104341

17/ 13104342

4008 FORMAT (OXE1S. apv<1sx515 8)) 13104343
4009 FORMAT_(1H1,25X8HOMEGA = E15.891SXSHDETERM = F15.8) 13104344
4010 FORMAT (6(6H Ei5.8)) 13104345

4011 FORMAT (14H0 END OF CASE ) 13104346

_unlz FOPMAT (1H1,S3XBHOMEGA = F15.8///) 13104347

T 4013 FORMAT (1RO0» 15X1HV»32X1HMe 31X3HPHT» 31 X1H1///9XE15.8+3(18XE15.8)) 13104348

4014 FORMAT (1HOLIX7HY PRIME.26X7HM PRIME;25XGHPHI PRIME,25X7HY PRIME//13104349
____________ _ 1/S%E15.8,3(18XE15,8)) . 13104359
§O15 FORMAT (LHCP7XTH C(1) 7 1BX4HC(2) P 15XAH  C(3) »14X8H C(a) 13104351

1 12X7HP SUD Xo1SXGHFLEX // ) 13104352
4016 FORMAT_{ S(6H____ E15.8)) 131064353
4017 FOIMAT (1HO»7X8HW SUB N1,13X8HW SUB N2, 1:X8HK SUB N1s14X8HK SUB N213104354

1 v I2X7HA SUS X»13XTHB SUB X // ) 131064355

e 50318 FORMAT {1HO,32X5HSTA Xs6X7HK SUB_Xs12X8HF SUB_0X»12X7HP SUB X ) _ 13104356
4019 FORMAT (1H »33XI2o3(5XeE3i5.8) ) 13104357

4021 FORMAY (19H  NUMBZR OF ROOTS I3,5X»13H OMEGA FB.3s 13104358

e 1. 5%ei3H _DELTA OMEGA F8,3r5X01014017///" . 13104356
4022 FORMAT (1HI) 13104360

4023 FORMAT {(1H1s60X17H%4% CONTINUED #%%/12X7HV PRIME»26X7HM PRIME, 13104361

. 1 25X9HPHL PRIME»25XTHY PRIME///OXE15.,803(18XEL15.8))__ 13104362
3025 FORMAT {1K ) 13104363

5600 FORMAT (1H »32X66Hews THE ZOUATIONS HAVE MOT BEEN SOLVED=-AM GOING13104364

e DL YO NEXT ROOT . _xa /// BUXTHKERR = 110 3XE6HDXX = ¥8,3 ) . 13104365
6008 STOP ‘ 13104424

END 13104366



2 ELT MATMPY,1,710420, 59943

T Loncol
000002
50u003

/77

T gunooy
Lulues
00U0US

000007
00500e
060009
009012
060014
60u0LZ
00001y

SUBROUTINE MATMPY(AsBs»CeKLoMloKoMsN) 13104472
IMPLICIT REAL%8 (A=i{y0=2) 13104

DIMENSION A(20).B(20}.,C(20)" 13104473

DO 10 I=1,K 13106474

DC 10 J=1eN 13104475

I =(J=1)#K1+1 13104476

C{II) = 0,0D0 13104477

CO 10 L=1,M 13i00478

IS (¢ S-S S NS B T SR D S _ _.13104479

KK ={(dJd=1)#M1sl 13104480

19 C(IX) =C(II) +A{JJ)=B{KK) 13104481

__RETURN 13104482

END 131604483
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s ELT PRINTM.1+710420, 59944

GLG0OL SUSROUTINE PRINTM(ASNRsNC»MAXRe TITLE) 13104445

6eeco2 IMPLICIT REAL%8 (A=HpO0=2)

540003 c e o ooazIongue. o
50US0% ¢ 13104447
L wL0L05 C SUBROUTINE TO PRINT ANY MATRIX WITH 2-WORD TI'LE 13104448

L0C00% . _C_.__ CALL PRINTM (CMATRXs8¢8¢8s12H_ CMATRX___ t EXAMPLE CALL. UP _ . 13104489 _ _ _ . __ .
$60007 ¢ 13104450

uuo0ae DIMENSION A(1)sNHEC(8)»TITLE(2) 13104451

900009 G _ __MATRIX TITLE . 13104452

06u01e WRITE (6022)TITLE 13104453

0CoLLL 22 FORMAT (iHD,S2Xs2A6) 13104658

bugtle . C. , o . . 13104e85 _ S
0U3013 DATA B /9 cOL°/ 13104456

RIS DO 50 I=1sNC/s8 13104457

506615 TTENC=I+1 e e e 13106458 . .
L6015 IF{XI~B8)20020010 13104459

AU00L7 10 1I=3 13104460

ConuLs 20 DO B0 Jm e L 13108061 § i
0C5019 30 NHED(J) =I+d=1 13104462

guELy20 WRITE (60120) (BoyNHED(J) 5 J=1,11) 13104463

g0n921 DO 50 J=1.MR o o o 13104064 .

corae KLZJs (T=1) #MAXR 13104465

00LE23 KHZKL+ (I T=1) «MAXR 13104446

CURED 50 WRITE (601307 ___ ___ (Je ACK)oKSKLeKHeMAXRY . AR0Las? L
J0UU25 RETHRN 13104468

0130025 120 FORMAT {(1H0,9Xs10(A6s I8 s5X)) 1310446G

060027 130 FORMAT (4H ROWoI3¢5Xp1P8E1447) ~ o amnseyO ~
050028 END 13104471 -
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4 ELT REPEAT,1¢710420, 59945

605001 SUBROQUTINE REPEAT(A,AA+B,B3B2C»CCsDeDDsErEE»F»FFINR) 13104425
009002 IMPLICIT REAL%8 (A~H,0-2)
4260633 o Comedeok s ko e s e oy e e sk Rofde s ok R BOR A N st s Bso ook S 30RO R o ol L4l ookl okodoiolor foR okl 1 31 08426 "_ o L . .
CUGO0 C REPEAT READS IN A STATION CARD OR SIMULATES A REPEATED CARD BY 13100427
oLocus C MOVING DATAL : 13104428
ougutse 0 € AeBeCeDeESF___OLD . _ARWBBsCCsDNyFERE.FF  NEW el Y3A0k429 .
¢Ga0007 C NR = NUMBER OF REPEATS FOR A PARTICULAR CARD 131044530
300008 € ste 2 2 sl ool oo o 20 Ao ook ok ok o ke o e oot o e e et o o X sk ot ot koo koo ookl ok okoRx ook 1 31044718
oLedue - UIFANR=1IRO005,100,300 L XBYOGN32 e e -
Geitio 400 READ (S5,3002) ARsBBrCCaDDIETFFoNR 13104433
guociy 2002 FORMAT ( 6E12+6+13) 13104434
_ogulte 60 TOo_ 700 ~ — R .. 13108435 i

0oULL3 100 AAZA : 13104436
0000 Av=o 13104437
pasds o ge=C o . ) . 13104438
6oo016 DO=D 13104439
050017 EEE 13106440
CudGLs , . _FF=F . L Co13ioLshl
0nN0CLY NRTZNR=1 13104442
B30290 706 RETURN 13104443
gosuar  END 13104444




2 ELT SETUP»1e710420, 59947

000091

530002
006003
ARSI
03uC05

600006 | __

500007
geooos
Q00003
0603510
JCGoil
00uRi2

060013

000014
6a6L1s
0308is
Qoonl7
r"JC 18
$001i9
OUOOEO
~.0Lon21
Gogsl2
334023

GuvO28

0o0025%
fuQCee
6500827
0eed2a
0ooNz8
- 00Co3o
600031
00eos2
Qron3dd
9000345
(VLG
Geei3ds
CLCeoa7
00038
050039
CO0u0
»lb”"
aouyone
QLTS
OUoaun
{LI0US
U\SCL?{J
U

L boudus

CUGCLS
300030
050051
£00052
L30853
T65Y
TULLSS
[ DRI S 96

[l

T SUBROUTINE SETUP(OMG.M)

(@]

OO0

1
2
3

1
2

O NOCE WD

SRS S,

U=

X

EIMTRYX(826)

IMPLICIY REAL#B (A=t 0=2)
~ DIMENSION DL1(50),0L2(50):DL3(50)+DLU(R0):DFILI(50)»DEI2{(50) s _
vDG3(50) e DGUH(BN) »

DCLISBY»DC2(50) e NCI(S0) DL e HIJLIS0)»DX(S0) e
50) P DKNL1{50) »DKN2(50)

DEI3(50).DEIH(50)DE1(56)DG2(50.

. DGAMX(50) s DIXZ(50) ¢ DUNI(S0) 1 NYN2' S

DIMENSION DETA(SG) »DRETA(S0) sDFLEX(S0)
DIMENSION EIMTRX(929) sE2MTRX(959) s AMATRY (11, 9) s BMATRX(9:9)

. _CMATRX(ng)oFMATRX(QPQ);DLMTRX(”vl)vSMATRX(9v1)u4»
DUMMY (9) e S(5)Yp ID{S) o X (Yo KIN(Y) STORE(Q,50)

ODIMENSION PPN’(SU)VPO( 031 »NANI(SD) e DBNL(SN)Y, PL{S0)»P2{53)sP3(50)

ctumett ot1 o DL2 __» DL3_ s _fL4_ o DEIL __» DEI2
DEI3 » DETL » DGl » DG2 » DG3 ¢+ DG4 ’
pel r DC2 » DC3 » DC4 ¢ DIJL v 0OX ’

. ___DGAMX _» DIX2 _» DWNXY __» DWN2 __ » DKN1 o DKN2 s

EIMTRX ¢ E2MTRX ¢ AMATRY » BMATRX ¢ CMATRX » FMATRX »
KC e KD » KM s KM » KO » KP ’

e LETA___ 2 DBEY, _o DFLEX _ 2 0PMi.__» PO . o DANM1L ’
DBN1 » IFLAG » NTRI#AL ¢ B e DLMTRX » SMATRX
DUMMY  » KK ? KA » KB

BETUP NOW-ZERO,NON-UNIT ELEMENTS OF MATRICES ELsE2,AND F

TIMTRX(2,1) =

DL (ND

IF (DEIL(N)WNE.C.DB) GO TO 2

EIMTRX (4, 2)

GO 70 3
EIMTRX(4:2)

EIMTRX(3,1)

EIMTRX(4+1)
GO J0o S
EIMTRX(4:1)
EIMTRX(4,+3)
EIMTRX(6+¢5)
IF {DEI3(N),
EIMTRXLT7:5)
EIMTRX(T7»6}

GO T0 7

E1mTRX{7:5)
CIMTRX(7:6)
EIMTRX (8.8}

iF ((Drlé(N)wuaoO D0sORNC3(N) o NE0.DOANDDLI(N?

= 0.00
. EIMTRX(3,2) =

_0.D0

= DL1ION)wx2%,5D0/DETL(N)
EAMTRX(3:2) =

-DLI(N)/DETT(N)

Z=-EIMTRX (40 2)

IF ((DETL1{(N)oNE.OG.DO-ORDCI(N) aNEcDNOANDDLLIN) eNE-04N0)
o AND o DOl(H) NE-G.DO)

iy

8.09

GO 70 4.

DLI(N) #%3/6.D0/DEI1{MI~NCI{H)+DLI(N)/DGL(N)

0.00
0.D0

000

ZEIMTRX{(20 1)
= DL3(N)
NE.0,D0)_GO_Y0 6

T=-DLI(N)%¥2/2,D0/BEI3 (N}
=«DL3(N)/OEI3(N)
= DL3(N)#%2/2.D0/DEI3(N)

JANDDGIIN) (NELODO)Y _

~1MTnX(89¢)
GO0 70 ©
EIMTRX(B:5)
ELATRX(8,7)
E2MTRA{(2:1)
1F (DEIZ2(N) .
E2MTRX (45 2)
E2MTRX(3¢2)

0.D0

_60_TO.8

oNEsOoDO)

= DL3IN)#*3/6,D0/DET3IN)-DCICN *DLIINI /D63 (N)
Z=EIMTRX(6¢5)

NE.0.D0) GO YO 130,

1

DL2(N)

0.00
0.D0

13104367

131048368

13104369
13104370

13104371

13304372
13104373

13ink374

13104375
13104376
131048377
13104378
13104379

. 13104380

13104381
13104382
13108383
13104384
13104385

- 13104384

13104385
13104386

. 13104 nA

133104 0B
13104 oC

13104 0D

13104 0F
13i04 QOF

13104 06

13104 OH
13103 01

131084 0d .

13104 0K
13100 oL

13104 oM

13104 ON
13104 0P

13104 00

13104 OR
13104 ©S

13104 07 _

13104 nuU
13104 av

213104 OW.

13104 oX
13104 QY
13104 nZ
13104 1A
13104 1B
13104 1C

13104 1D

13104 1iE
13104 1F
13104 16
1310404 1M

A e b




Gnnos?
CiGs8
cucose

connTs
Q2T
QUoL7Yy
QOGoTe
SOGLT9
0070630

noenal
S0 eaz
GJU033

0Neosy

Ta0008s

JU0636
2co087

000088

TNR0Go
530S0
Cu0i9l
goecoz
GGOC93
Judish
0LGuss

. GO0 TO Y — —
10 E2MTRX(U4e2) = DL2INY=#2%,500/DEI2(N)
E2UMTRX(3,2) ==DL2(N)/DEI2(N)

. GU00eC o xy  ERMTRILG,1) =m=EaMTRN(4e2) .
Uoulhl IF ({DEI2(N)oNEoD«DOsORDC2(N) o NE+0.D0ANIWDL2(N) «NE.0.DO)
0gous2 X «AND.DGZ2(M) «NEL0O.DC) GO TO 12
000063 | _ . E2MTRX(4,1) = 0,00 S
Q000e4 GG To 13
goeces 12 E2MTRX {1} = DL2(N)%%3/6,00/DEI2(N)~NC2{N)*DL2(N)/DG2(N)}
ceoneo L33 E2MYRRA(L,3) ZeE2MTRX(2e2Y e
ouuesy E2MTRY(6:5) = DLG(N)

Gooees IF (DEIZ{MN)NEZ.0.00) GO TO 14

030069 . ___ERMTRXA(7.5) = 0.DO0 _ _ ____ [
GLug7o0 E2MTRX(7+6) = 0.D0

060071 E2MTRX(8:63 = 0.DO

gean72 ~ 60 70 15 . L o L o
LLoo¥3d i E2MTRX(T95) z-DLU(N)#%2/2.DC/DEIL(N)

wd 07y E2MTRX(T7.6) ==DLU4(N)/DEIu (N}

C ER2NMTRIBe6Y = DRB{NIxR2/2,DO/REIa(NY ] o
15 IF  ({DETHIN} oNEoDeDOORADC2IN) o« 0aDOWAND o DLE{N) «NEo0.DO)
X SANDDGUIN) (NTL 0,007 GO TO 16
E2MTRX(8:5) = 0.D0
60 TO 17
16 E2MTRX(85S) = DLGIN)#%+3/6.D0/DETL(N)=DCH (M) *DL4 (N} /DGH (N)
17 E2UTRX(Bs7) =~E2MTRX{6s5)
FMATRX (1o 4) DUNTIN) 20V G/ 3860 04DD=x0MG=NKNT N}
FMATRX {1, 7Y ZDIN) %DKMNLIN)
CFMATRX {15 8)ZDXKNLIN) S
FMATRX (1% 9) SDGAMN IN) 0MG##2+DETA (N)
EMATRX {2, 2)=DRETA (M) $0¥Gx=2
FMATRX(2:3)2-DIJL(N) «OMG#%2
FMATRX (5. 8)ZFMATRX (1,8)
FMATRX(S5:7)S=FMATRX(1¢7)
FMATRX (5¢8)=DUNR (N)=0MG/ 386, 04D0%OME-DKNL [N} =DKNZ (N)
EMATRX(Se$)FMATRX (147
FUATRX{6r T)=DIX2(N) 4 OMGH#2=DX (N) % ¥ 24 DKNL (i}
FMATRX(6r8)=FMATRX{S,7)
TRETURMN T T T T T
END

13104 11

13104 1J
13108 1K
13104 1L
13104 1M
13104 1IN
13104 10
13104 1P
13104 1@

13104 iR |

13104 1S
13104 17T
13104 10
133104 1V
13104 1w
13304 1X
13104 1Y
13104 12

13108 2A |

23iny 2R
i3int 2C

. 13104 ?PE

13104 2F
13104 26
13104 2H
13104431
i3igugi2
13104013
13104414
13104415
13100415

13104418
13104419
13104420
131048421

13106422

13104423
13104424

T13104417



B CLT SIMEQr1,710622, 38770

UV VSV SIg S SO LD T iy

0OG001 SUBRQUTINE SIMEQ(A+BsMMeMMoNA » ITEMs DN NN KERR) 612106002
oULC02 Comaoh & 61210003
0C0003 o SOLVES MATRIX EQUATIONS - AX = B 61210004
secony C G USS ELIMINATION WITH COMPLETE PIVOTING ON ABSOLUTE LARGEST 61210005
TLU05B o EMENT TO FORM TRIANGULAR MATRIX»WITH BSACK SUBSTITUTION FOR 61210006
00CICe . C . SO;UTIOM VECTORG. __ . e B1210007
QuJ0ov Cood e ! 61210008
000008 C 61210009
00060069 . _ _“_‘“C_hﬂv,CHLL SIMEQ (AsBsNNeMMyNA_ , ITEMDDrNNDIKERR ) _ . 61210010
SULULO C = A(1,1) OF INPUT MATRIX 61210011
506011 C B = INPUT VECTORS 61210012
poe0iz C NN = NUMRER OF SIMULTANEOUS EQUATIONS. e 61210013
GOuUGLE C MM = NUMBER OF B=VECTCRS. 61210014
GoLTAL o NA = DIMENSION OF MATRIX A THAT 1Se A(NAje=) 61210015
CHUGER C ITEM . = TEMPORARY STORAGEZ (FOR PERMUTATION VECTORY_ ... __ . 651210016
;,\vLu o WITH DIMENSION = ITEM(NA) 61210017
GOU0LY o 8]8) = DETERMINANT 61210018
CeCLY 8 C NND. . .= POWER OF TEN TO MULTIPLY DETERMINANT 61210019
LoWDLY C KERR = ERROR CODEs =K SINGULAR RANK » ==1 SCLVED EQUATIONS 61210020
00L020 DOUBLE PRECISION A(NAPNA) »B{NAPL YePIVOT XTEMsDs0OD 61210021
000021 DIMENSIOM ITEM(2) . Bli21p022
WHDEY] c 61210023
fOLGT3 D = 1,000 61210024
LoLe2t ¢ ND = POWERS OF TENS FACTOR _FOR DETERMINANT. 61210025
200025 ND =0 61210026
006626 N=NN 61210027
gLue2?7 ~ M=MM o . _ .. _6lzi0028
QolI2Y c 61210029
200029 C SET~UP THE PERMUTATION VECTOR. 61210030
500030 T [ 2 R €= ] S R . 81210031
LuiL31 1 ITEM(I) =1 61210032
900032 N1 = N-3 61210033
006133 - ) DO 60 K=YsN . B1210034
CuDL Bk C 61210035
HIVRBEL C SEARCH AND SET THE ABSOLUTE LARGEST ELEMENT AS THE PIVOT. 651210036
L0053, L p1290037
BLLlUY PIVOT = 0.D0 £1210038
JCOH038 DO 10 1=K N 1210039
600039 no o_ d KN 812100040
Guoano XTEM = AlIed) 61216041
RIS IF (DABS{XTEM) .LE. DABS(PIVOT)) GO 7O 9 61210042
nlunagz . __PIVOT_ __ = XTEM__ ~ 61210043
GnnoGs 1S =1 61210044
QTG 17 = J 61210045
NULANGS 9  CONTINUE _ o P -3 ¥-3 51+ 1Y)
OTRITTS 10 CONTIHUE £1210047
courny c COMPUTE DETERMINANT AND TEST FOR SINGULAR MATRIX. 61210008
Cobt e _ C L s 61210049
0. UunS C 61210050
950650 D = DxPIVOT 61210051
LYY IF{DNE,N.DC) GO TO 11 . - ~ 612100m2
TR C TF MATRIX IS SINGULARSSET THE RANK OF MATRIX A IN KERR AND EXITH1210053
QU753 KERR = K1 €£12100654
ShuGoR GO To 100 _ ) 61210085
2ULL5HS 11 XTEM = DARS (D) 61210066
UL G IF(XTEM.LE.1.D0) G0 TO 13 61210057

A e b s e b A




353039
Lulush
GLG051
£00032

Ngeosd

GU00LE
009035

oBLn036

Q00067
060058
. goocse
gup0706
cop071
puse72

000073
0NooTY
ynonTs
Ul
OLLUTT
neneve
GLEoa7s
60n0so
gcpnal
gunise
cLotS
gaLuaL
0onouyds
009038
nogony
T GUG0sG
gu0o0ne
Gul0<0
ouut=1l
0u009e
000093
T a00CIY
qeongs
au0s%e6
C U067
eeCoes
GL009Q
Jo01C6
1.3101
Luie
youldd
Q03104
010108
JLUl0s
905137
200108
00103
d4uullo
caeilg
UL ila
[SIVETR R
Luelll
MR 57

U114

XTEM = ALISe )
ALIS,d) = A(Ksd)
AR eJ) = XTEM ) o
20 CONTINUE
DO 21 NE Y
o _OXTEM = BUISeJd) _ . I
BCISoJ) = BIK o)
Gl sd) = XTEM
21 CONTINUE e i .
D =z ~D
30 IF(K.EQ.IT) 60 TO 40
c
c IF THE PIVOT IS ™NOT IN THE RIGHT COL, EXCHANGE COLS AND RECORD
c THIS IN THE PERMUTATION VECTOR.
c
T [0 T T 5 T - %
XTEM = ALIIT)
ACIZIT) = ALIeK )
T T ALK Y s XYEM ) oo
31 CONTINUE
= -p
. — _— R
c SET PERMUTATION VECTOR
c
D I S 1 A K & ) T o
ITEM(IT) = ITEM(K )
TTEMIK ) = 1 e
e e PTEMAR D 2 - -
40 CONTINUE
e 2 e KL TR e
IF(K1.6T.\) GO YO 60
c
. ..C . MULTIPLY THE K-TH _ROW BY =A{I,K)I/PIVOT ANI ADD_TO THE I-TH _ROW
DO 50 IZK1sN _
Do 50 JTK1sN
ALI 0) = ALIed) = A(KeJ)/PIVOT % A(XsK) .
T T sg CONTINGE T T ' T T T T
DO 51 I=K1sN
L p0 B UShel
) B(I+J) = B(IVJ) = ACI/K)/PIVOT*B(K,J)
51 CONTINUE
L 60 _CONTINUE __ s
c
c BACKSUSSTITUTION FOLLOWS,
C
0o 70 JS1eM T T T .
BIN»J) = BINeJI/AINN)

o = D/10.D0 e e e e e
MND = ND+1
GO To 11

o3 IFCXYEM.GE.0.1DQ) _ 6O TO 14 - - —
D = D*10.D0
ND = ND-1

6070 11

14 CONTINUE
IF (KeEQLIS) G0 TO 30

C™ IF THE PIVOT IS NOT IN THE RIGHT ROWsINTEFCHANGE ROWS.

c

DO 26 _JzleM

53

61210058
612100%9
61210060

61210061

61210062
61210063

61210064 _

€1210065
61210066

61210067

61210068
61210069

61210070

61210071
61210072
61210073

61210074

61210075
A1210076
61210077
61210074

61210079

61210080
61210081
61210082
61210083
€12100R4
61210085
61210085
612100R7

61210088

61210089
61210090

$1210091

61210092
61210093
612100094

" 612100095

61210006
61210097

61210008

61210099

61210100

61210101
612190102

61210103

61210104
61210105
51210106
61210107
61210108

61210109

61210110
61210111
61210112
61210113
£1210114
61210115
61210116
61210117
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25 APR Y2 P 14:42:31 _ IDENT=FYEE__ ACCOUNT=428999  CARDS IN= 9, OUT= 0

PAGESZ 22, LINESE= 919. TIME=00:00:06 (HMS)

ALL SOFTWARE I1SD PROVIDES OR MAKES AVAILABLE FOR USEs IN ANY FORM WHATSOEVERs IS PROPRIETARY
. INFORMATION OF 1SD_AND XS_NOT TQ BE COPIED_OR_REPRODUCED WITHOUT PRIOR.WRITIEN AUTHORIZATION BY ISD,
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“ex#  USER NOTICES -  APRIL 20r 1972 %=

(1) ISD_ 1108 TERMINAL SERVICE IS SCHEDULED AS _FOLLOWS

MON ¢ 07300 = 24300

e JTUE = FRY 300300 = 04300 3 07300 =~ 264300 —
SAT 3 00:00 - 22:00 ,
SUN @ 04:00 = 22100

S A3) ISD NOW HAS AVAILABLE REMOTE-BATCH JOB ENTRY_VIA LOW=SPEED TELETYPE COMPATIBLE_TERMINALS USING NIAL=~UP COMMUNICATTION LINES.

THIS SERVICE HAS BEEN IN USE FOR OVER TwO MONTHS AND IS CALLED RON/T.
THE DIAL~UP TELEPHONE NUMBERS AND TRANSMISSION RATES ARE LISTED BELOW.

TT10 CHAR/SEC  GI5=562-4035, 416-562-40361 415-562-51864
30 CHAR/SEC  B15-562«4716 #% EFFECTIVE 4/24/72 THIS NUMBER WILL BE CHANGED TO 415-562-4294 %%

T t4) ISDS SECONG PUBLIC TERMINAL IN SAN FRAMCISCO IS LOCATED AT # 1 CALIFORNIA ST.s ROOM 2555,

(5) __BEGINNING 4/24/72 AND_AFFECTIVE_MONDAY = FRIDAY_TURNAROUND TIME_ SHOULD_RE_REDUCED BETWEEN THE HOURS OF 10:30 = 11330 AND

14300 ~ 16:00 FOR USERS SUBMITTING NON-TAPE JOBS WITH RUM TIMES ESTIMATED AY LESS THAN 6 MINUTES.

_ADDITIONAL INFORMATION ON (2) & (3) IS NOW AVAILABLE TO ALL INTERESTED USERS BY CONTACTING YOUR SALESMAN AT 415-562-4204.

& o v om ¥ A ok Kk X o ok ok % ok K K % ok % % K & ok w6 K & ok k K & ok ok & % k% ¥ %k & % Kk Kk k sk kK k % k % k ok & %k % %k k ¥ k k & & ¥ u % ¥ %
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61210118

61210119
61210120
61210121

61210122
61210123
61210124

61210125
61210126
61210127

61210128
61210129
61210130

61210131
61210132
61210133

61210134
61210135
61210136.

61210137
61210138
61210139

61210140
61210141
61210142

£1210143
61210144
61210145

Tun:17 70 __CONYINUE _ __
ERIVE DA I = N
CHGLLY 00 73 K=2+sN
~guei20 Ly =1
200121 I = I-1
gupa22 PIVOT z A(I-I)
000123 DO 72 IT=zieMm
osnLon MTEM = 0.D0
UGOUilE Do 7% JZTieN
L_oAG0TE 7Y RTEM. = A{IaJd)EBLJRIT)_+ _XTEM
060127 72 BECI,IT)Y = (B(I2IT) = XTEMI/PIVOT
nuolas 73 CONTINUE
__oooiee G .
603150 C USE PERMUTATION VECTOR TO EXCHANGE ROWS OF B-MATRIX,
IV R NS C
__Busio?2 . DO By Tz:ienN
QCoL -3 79 IF{ITEM(I) oEGQo1) GO TO 81
00GLaL K = ITEM(D)
_LG0ins e ... DOBD. . JmLeM
0505135 XTEM 2 B(Ked)
0061 57 B{KoJ) = BlIod)
o C00338 . BfIyJ)_ = XTEM
00013¢ 80 CONTINUE
cugLlso ITTEM(I)Y = ITEM(K)
RIS o CITEM(KY = K
GoLie G0 TO 79
005183 &1 CONT INUE
Gooluy e KERR=z==1
0031us o]8} = D
J0014ée NND = ND
_CO0LM7_ 100 REYURN

Gadug

o

”
&

61210146
61210147
61210148

EnND

61210149




T oTocoeny

630002

000003

_END CUR

T ELT SIMST»1,710420s 59949

26

SUBROUTINE SIMST (CoksMr2ArB)
IMPLICIT REAL#8 (A=~H,0=2)
DIMENSION C(5)vK(5)sX(5) p ITEM(10) oKI(8) 2 A{10,1) s XX(10)

[T RN DATA IR/Q/
30000% iR = IR+1 '
eego06 . Do 16 Iz=isi0 :
0Cosn7 10 ALIR,I) =0.DO
00008 DO 20 i=1,M
0003509 Y - I 4 0 O
000010 IF(J) 18:51016 ,
000032 16 A(IR,J) = (D)
coguze GO0 Yo 20 _ _
000013 o KX XX (IR) = (1)
00001y 20  CONTINUE
000015 B0 RETURN_
5ILILE 51  KER =6
ousLlT GO TO 50
soooie _ ENTRY SIMSD (XsKI¢DETsKERR»iDUM)
033015 IF (KER=3) 53,700¢53
000620 53  CONTINUE '
_oooe21 N = IR
S0u0e2 iR~ = 0
D04NC3 0O 52 I=1isN
_ 0cogas 52 KI(I) =1
TToLoptas’ ) D = 0.00
0Uac2s ND = ©
000027 CALL SIMEG (AoXXoNelos10sYTEM,DINDIKER )
TUToeotes T T T T no s IT1ONT
6CC0Rd 54 X{I) = XX(I)
8600350 IF(D) 55:58056
Loesa1 T T 56 CONTINUE S
006032 DET = D%10.D0%*ND
20Ca33 58  CONTINUE
peboas T - TTTIF (KERY 70465055
UC003s 65 KER = ©
Geposs 70 KEHRR = KER + 1
GLI3T T L5 RETURN
utun3s ENTRY SIMSZ
pognie IR _ =0 _
049040 RETURN
LCa04Y £ND
TTOTTRTTTTTRRY XY T T 1442130
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25 APR 72 P 14:42:31  IDENT=FYEZE _ ACCOUNT=428999 CARDS iN=z 9r OUT= 0

PAGES 22+ LINES= 919, TIME=00:00:06 (HMS)
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APPENDIX G

PROGRAM E13112 LATERAL VIBRATION ANALYSIS OF A HARMONICALLY
FORCED, UNDAMPED, LUMPED PARAMETER SINGLE BEAM SYSTEM SUPPORTED
ON NON-LINEAR SPRINGS, USERS' MANUAL AND SAMPLE OF INPUT/OUTPUT

(

o e



USERS'! MANUAL FOR
JOB 14036
(Ets112)

LATERAL VIBRATION ANALYSIS OF A HARMONICALLY FORCEDL,
UNDAMPED, LUMPED PARAMETER BEAlM SYSTEM
SUPPORTED ON NON-LINEAR SPRINGS

September 10, 1965

(e

/
Prepared by: Approved by:
_/5(af?l<g{ﬂx&iﬂ&zo~
3.L. Goudreau L.K. Severud, Supervisor
Design Engineer Structural Analysis Program

Structural Analysis Program
J.L. McConnell, Manager

Structural Analysis Frogrem
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suUBJECT DATE

LATERAL VIBRATION ANALYSIS OF A HARMONICALLY FORCED, UNDAMPED, 9/9/65

LUMPED PARAMETIR BEAM SYSTEM SUPPORTED ON NON-LINEAR SPRILGS WORK ORDER
8Y CHK. BY : DATE

G.L. Goudreau

ABSTRACT

This computer program determines the steady state
response of an undamped, lumped parameter beam system
to harmonic forces and/or moments. The beam may be
supported by non-linear laterel springs of the form
P=A yB « It is compatible with and supplements Job
14009 which determines the natural frequencies and mode
shapes of such a beam on linear springs. It is four times
faster than the double beam program 1L0L3. This program
has been extended to incorporate the exact load-deflection
equations of angular contact ball bearings, permitting
them to be represented exactly, ircluding axial equilibrium
and the effects of thrust on a roteting shaft. After
convergence the program outputs at each station shears,
moments, slopes, and deflections. For ball bearings, when
present, a complete description of the equilibrium position
of the bearirg is determined, including axial, lateral, and
rotational deformations, as well as load distribution and

final contact angles of each ball,
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SACRAMERTO . CALIFORNIA REPORT NO.
ARt PAGE 1 OF
SUBJECT o
LATSRAL VIBRATION WNALYSTS GF L HARMHONTICALLY PORCED, tNDAMPLD, 9/7/65

WCRK ORDER
LUMPOD PARAMOTUER BEAM SYSTIM &' PORTLD BV NON*LINZAR SPRINGS

By CHK. BY DATE

G.L. Goudreawu

INTRODUCTION

This computer program computés the amplitudes of the shears,.moments,
slopes, and deflections produced in a lumped parameter beam system by
harmonic forces and/or moments. It constitutes an extension of Job 14009
developred by L.k. 3everud, which computed the natural frequercies and
associated modal information for a lumped parameter beom system §upportéd
by lincar lateral snrings. Job 14036 differs in the following respécts:
1) It is a forced rather than a free vibrétion aralysis; "2) Tt nermits
lipeur moment as well a latoral springs; 3) Tt sermits non-licesr lateral

n

s,rines of the form I = Ay 3 2nd 4) It incluides the exact lord deflecticon

i

[

ciuations for angular contiact hall bearings for specialized use in rotating
machinery cilenlations. Input format is highly compatible hetweon the two

rrozrams, facilitating deterrmination of free anmd ferced vibration information.

-
As ih Job 14009, the beam system has a state vector of four variables

(shear, mom:2nt, sloﬁc, and deflection), of which two at each 2né must equal
zern. {rdinary beams, shear heams, beams or elastic foundations where the
foundation modulus varics (thus, also axisymmatrical lateral vibrations of
cylinders), and shafts of rotating machinery can be investigated with this
orogram. I'n this last application, the lateral stiffress of roller bearings
can he well represented by a power form of load Jeflection curve, and hall

boearines can be accounied for exactly.

This program runs in about one lourth the time of Job 1LOL3 which

analyzes iwo ela tically coupled beams, and 1s to bte preflerred where

housing effects can be neglected.
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LIMPED PARAMITER DM SYSTOM SUVPIRTED MY WON-Y TV S3PRINCE

s -

WORK ORDER

BY CHK. BY
Z“.Le Goudreav

DATE

=g
-~
s
=
Pt
£
-
fal
Lol
~
o
o
pio]

oo AT
JEITER MO

tiela

(The following thrce pages are taken from the Users' Manual for Job 14009

by L.K. sScverud)

To describe the model, first consider the following heam on a

T

1171777777777/ .

k (farce/unit length)

discontinuous feundation:

“e micht represent this stracture for the vibration annlysis as:

4’ ,47 N th Bay

Ye cee that a tynical element, which is called the N ih bhay in the

above sketch, is:

wI(1)

4

1.(1)

-

b O R
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LAT IR VIBRVITON VALY SIS OF 0 HAHMONICS ALY w0nCaD, NNDAMNPD, Q/7/55

FIMDLCTY DA AVIITOTE AN SV ST fTI 0 LT SIS TV NN T TS A S ETIY  NIT WORK ORDER
LUMPSD PARCHATOR DA SYSTUM SUPRERT LSS Y NON-LINDSAR SURINGS

BY CHK. BY DATE
G.L. Goudreau

The weight of the bay, ¥ , is lumped at point ¥,  The beam lensths,

which neced not be equal, are designated L(1) an? L(2). The associ~-ted

Jod

hending ricidities are ZI(1) and #X(2). To renresent the elastic foundatien
acting on the bhay, a spring constant ¥ is wtilized. Noie that iIn this

example K would 2nual [L(l) + L(Z)J k.

Cne can see that the physical beam rigidities are cuvite well renrescnted
in the analysis whereas the mass distribution and elastic foundation

renresentation devends on the number of lumpinge stations used.

As a second example to describe the lumped narametcer model, cossider

the following two bearing shoft with overhung roters:

=

X X
Y >

‘The lumned model is:

Bay N
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LATERSL VIBRAUTYON SNALYSTS OF 0 HARENICHMLY UND L ED, /7765

WORK ORDER

DUMDOR UURUMAPTER NS QYSTAM SUEPGRT T ON NOMSTTNEMY 5TRTNGS

BY CHK. BY DATE
G.1.. Goudrzou

“nlarging the sketch of. Day N:

8I(2) 21(1)

& .
L(2) \L/ L(1)
%K

y

T

1

3

The value A M accounts [Tor the rotary inertia 2nid gyrcscoric effects
of the mass (of rrime imnortarce for rotors). !t is shown as a "''lembart
moment. Good‘discussions of these effects and ferivation of the above
formula can be found in Zeferences (2), (3), ond (4). The naraietor I

is the mass moment of inertia of the nass about a2 diamctral line und I,

’

i its mrzs nolor moment of inertia. Inderstanding of the lwmred narawetor
nodel is hest obtnined through a Lnowladge of the computational formulas
used in the rregram. Therefore, the following section sets forth the theory

and derivation of enuations used in this vibraticn analysis.




im AEROJET-GENERAL CORPORATIUOR
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REPORT NO.

. CALIFORNIA ~
AGC 2.843 PAGE - OF
SUBJECT ) DATE
SRR JTRRPTON U LYSLS 0P WARNGNICLLEY TORC ), NDLED, G/ /05
LI ED PARVLTTER 80N STSRIM SULICIELD MY MNON-LIND D SPRINGT WORK ORDER
BY CHK. BY DATE
G.L. Toudrean
1. LUMPED PARAMETER MODEL
N N @r\:-l
jz o zzl L ls—
2. STATE VECTOR
Vu ~
My
{AN} ) 3
N
Yn
The state vector AI‘ is defined as the column array of the shear,
¥
moment, slope, and deflection in the beam at the end of bay N. The
fifth element of the state vector is the constant one which permitc
the Inclusion of the load constonts in Lhe transfer matrices,.
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LATERAL VIBRATION ANALYSIS OF A HARMONICALLY FCORCEDy UNDAMPED, 9/8/68

LUMPED PARAI'LTER BEAM SYSTEM SUPPCORTED 1Y WON-LIMEAR SPRINGS WORK ORDER
BY CHK. BY - BATE

G.L. “loudrean

3. MASS TRANSFER MATRIX

MN/ "\ jN w1§N
(Vt Gyuw')  Wawty,

e
Muc (Vi ]Q[ Ve ) Mu
Ky Y

Y~
K &,
Var = Ve * %ﬁwzyﬂ - K;)g, T Yw®

2 N
MNL = Mur + Iy w éﬁl - K?) §N + MIJ

sy
P
i
S}
QO
. o
T
®)
Sy
)
—

VNL o O o | 0] )l""
- e ] e cma e e o o= = — e T —— - ————
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PAGE OF

SORECT [ ATERAL VIPRATION ANALYSIS CF 4 HARMONICALLY FORCED,

LUMPED PARAMETER BEAM S

UNDAMFPED,
SYSTEM SUPPCRTTD BY NON~LINEAR SPRINGS

oE /3 /55

WORK ORUDER

BY

CHK. BY "DATE
G.L. Goudreau
L. ELASTICITY TRAMSFFR MATRIX
Mz
}éulz
[.——_—_——‘-—
VNR
EL, YLK
AA;ia
—‘[—_v J ._4:5 én& -
yk” Me l. Ln -
i L o A
éNL §Nr< 2 €I, VN({ EIN MNK
= — A jNS - CNIM ﬁ/_v‘
Y ne VR P Ay (é€I~ )Vrv& + per. Mnr
\/NL R VINT J MNL = Mpr * VNL /eNfﬁ
r l b \
Vo L 0o o olol(v.
i
MNL. 'el’ / 0 O : O MNE
) N l -
SZLL - €Iy  En ’ o 10 { .gzuz(
3 2 }
) A~ Godu) Lu |
_me oet, o) 2er, Aw | | 0 Yur
| Lo o o o i1

OR

Jom}e [ Eu] fBuwf

This transfer matrix symbeolically

represents both spans of hay o

. R . ~ -~ Ve
and for each the approprlate.ﬂn, EIy, Cy» anc Gy must be used.
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WORK ORDPER

gy G.L. GovbrREAU

SHEAR DEFLECTION COEFFICIENT FOR BEAMS

, gx) |
0O

v(
e — 3’(3 o X T(x)

EQuUATING WORK DoNE —

L4 j—;—ﬁ”(-;f) o(\/‘

2 v
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0—)
{
.,
<
S
—
>N
o- |
~
Q.
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A
R
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NO._______________ L“thé‘&fz © ._;;L.@L,L\[ C O R PO RAT I OO PAGE OF
LATERAL VIPRATION ANALVSZIS OF A HARIQUICILIY PORCED, / 64

SUDJECT pare_/2 /22

MDANPLE, THNMPRD PARAE TRAM SYSTEY SUDTCRTED BY
WORK ORDER

NON-LINEAR SPRINLS .
gy G.L. GovoreAU
HoLLow CIRCULAR SEcrionN
2
b= A S L aa
oA 2 3
g A b

R = a R,

A= W(Rzz‘ R‘z) = TrRzz(/'ql)

I: l—r (qu'_E‘q): Tr__:_g_;(]"qq)
+ 4

A
dA = »ndp dnr 5 Yy = R cos ¢
e R,
Q(e) 5 f y dA
-8 R,
6 R. ,
= jf L CosP R dp drn
-5 R:

3 3
QR (9) = —-5,22 (2,_3—2/3) s/inve = -—25'- Rz (!-— Q) SN ©

6(9> = ZI(Rz." E,) = 2R, (I’é—)

r R

¢ ¢
z(/—-az) 7 R (1-2% jj sine /zdadA.

7 4
7-/? Tli-a)® 4R; (I-—a.) Y R,

A =

/6 (r-a?)(1-a%)* :
= - - — (R "‘Q0 (7f)
777"Q;z (l-aY)*(1-a)* * (Re )




LNE F LA

F'“""“’\!‘”’"" f’gr\ﬂr'ar‘\n 16
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sumsger__LUBRAL VIBRATION ANALYOIS OF A MARMMMICAIIY U0RCID , .o s2/22 /64

UNDAMPED, IUVPED PAFANTTLR BRMAM GVSUTM QUBRORTTD v
2 - WORK ORDER

AOH-LINEAR SPRINGS

gy G.L. GoubreA

(1-a*)( (- a?)
(1-a*)( 1-a)

. F
o= g

_ . 2
A - _5_’[(/+a. + a®)

9 ( 7+ a? f

FOoRr THIN CIRCULAR sa'c.T/oN a >/

/é’-'- g—(%)z:: 2_ 0/4

FOR SOLID CIRCULAR sEcTION a > O
A = £ PO ( NOT cORRECT)
7 ?
" - M l/d
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SOLUTION PROCEDURE FOR A SET OF LINEAR SPRINGS

{A.]
Going across the first elasticity,

{af = [e/T{ad]

And across the first mass,

fo] - (eI {a) - [F]lefbe]

Next across the second elasticity. |
(0] [er)far} - [elrlle] (o [1f]

In like manner, itransformations can be made across each

At the start, N = 0, thus,

bay, expressing each state vector in terms of the previous

stale vector, and thus in terms of the starting vector.
’ o

{Bven} = T [C]{a- [P]{0]
Expanding we get,
v ’ d, d,, s i : dis|| v
M A,y dar Ay @y Vdpe || M
Sr = | dy A Az das :dgs— 5
Y dei A4z Ass dos |des| | Y
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The fourth order nature of the governing beam equation requires
the specification of two boundary conditions at each end. The
program requires that two of the four variables of the state
vector be zero at the beginning and at the end. Other homogeneous
boundary conditions such as elastic restraints can be obtained

by inputting a zerc length so as to put the mass point at the
boundary and then setting V and M equal to zero with apyropriate
lateral and/or moment springs. Likewise, concentrated end

forces and moments can be inputted as V and 11 with “he boundary
condition that V. = M = Q.

Iet

Hi

- X<

Further, let

M = subscript of 1lst zero variable at end of last bay

N = subscript of 2nd zero variable at end cof last bay
R = subscript of lsi non-gzero variable at start of lst bhay

S = subscript of 2nd non-zerc variable a4t start of lst bay

by

Considering the two equations asscciated with the zero variables
at the end, and dropping those terms multiplied by the zero

variables at the starte:

.—dMS dM/z dMS Qrz
_dNS O(Nr( d/vs QS

These can be readily solved Cor Qw and Q.. Whe two unknowns st Lhe
i 9

start of the boame  Thug koowing the 4d Lind siabte vector, all

sueceding state vectors con be found 'y "walking through' the system,
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6. SOLUTION PROCEDURE FOR A SET OF JON-LINEAR SPRINGS

The previous section described the explicit procedure for
determining the response of an elastically supreortsd beam o
a harmonic lorce or moment input of frequency W, If the beam
support (for example, bearings) has a non-linear load-deflection
relation, the secant line interseciing the curve is not a
constant, bub 1s instead a function of the deformation of the

beamn,

P (&)
P(Ss)

d—c:> S

The elastic analysis descridbed in the previous section
vields an elastic spring force which is simply the prodact of
the spring constant times the deformation. If this elastic
force equals the non-linear fcrce Tor the same Zefornution
(as determined from the non-linear force-~deformation relation
as typified above), then the linear spring used was the correct
secant. Adjusting the choice of secants until this agreement is

achleved for all the non-linear springs supvorting the bean
leads to the solutien of the problem. After a given unzuccessful
iteration, the initial and linal sccant vilues are averaged to

obtain the trial sprins “or the next iteration,
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The first trizl spring for the first frequency investigated
must be input to the program. When the response to a harmonic
load of successive frequencies is desired, the converged secany
value for the first frequency is used as the first trial spring
for the second frequency. Likewise, the converged secant value
for the second frequency is used as the first trial spring for
the third frequency., After this, a parabola is fitted through
the three previous converged frequency springs, and the firsi

trial sprinz for the next frequency is extrapolated along this

curve.
) (F) (F) (£
K w; = 3 ( K <, - K Wy ) * K‘dc'- 2

7. DETERMINATION OF THE NON-LINEAR FORCE

As described ia the previous section, the forced vibration
analysis for a set of linear springs yields deformations and

associated elastic forces in the springs. In order to test for

0

cnvergence, the non-linear force associated with that deformation

must be delermined. At present, the program permits two types of

o

on-linear springs. The appropriate flag must be set in the input,

a) FLAG(W) = 1. Angular Contact Ball Bearing: The
pertinent bearing data is input after all the
station data, and the exact load-deflection equations
for ball bearings are utilized, including the inter-
action of thrust with the lateral resronse.
b)  TLAG(!) = 2. P=A yB where A and B are consiants
input to the procronm.
At present, reller beuring load-defloction curves are fitted by o

) \ S .. . . , .
form b)), Howerer, PL s casily peosible to Lubeodonce o third

flag alternate and ineorporate the cexact lond-detflection equalions
for roller Lcorings.
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8. ANGULAR CONTACT BALL BEARINGS

The explicit analytical load-deflection relations for
angular contact ball bearings have been derived and are
extensively treated by A.B. Jones of New Departure in
Reference {5).

The outer race of the bearing is assumed fixed in space.
The inner race has tiree degrees of freedom with respect to the
fixed outer race. It may move axially, laterally, and may
rotate., It is also capable of transmitting three force
resultants between shaft and bearing suprort (i.e., lateral
force, axial force, and moment). Kach of these force
resultants can he expressed explicitly in terms of the three
deformations. These functions are explicit, but non-~linear.
Their inverse cannot be explicitly stated, that is, the
deformations cannot be expressed in terms of the three force
resultants, nor can mixed functions cf forces and deformations

be expressed.

f, ( Day Bey ©)

i

H

(H

\
M

1(2_ ( AA)&() 9}
ﬁ3<’an) AK) é)

o

The significant parts of the derivation have been reproduced
on the following poges. The value of "K" referred to cn p 22
by Jenes, and DEK in the program, is not computed internally
by the program, though it could be, but is computed by IBM Job
773A. Since this nunber I1s a constant, it nead be computed
only orce, Jdob 7734 essenitially programs Jones' equations in
an iieralive cchene Lo yleld deformaiions as a funcbion of

inpui loads.
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1. Basic Geomotric Relations,

The operating characteristics of & ball bearing depend to a great
extent upon the internal fitup. Internal fitup is genorally moca-
sured by the diametxal glearanca of the bearing.

Fig. 1 shows a croas section through
e radial, single row bearing. Dia-
metral clearance is denoted by A~
From Fig. 1s

FZ =0 _Lz.-”gc{ Eq. 1

-]—- ‘ Although diametral clearance is gener-
elly used in connection with single
row, radial bearings, Eq. 1 is appli-
cable to angular contact bearings as
well since there is a definite relation
between diametral clearance, race curva-
tures and free contact angle (See Eq. &
Pe.3” )
LS
" The value of 4~ from Eq. 1 may be posi-

4 s tive or negative, Loose bearings have
positive diametral clearance. Tight bear=~
ings have negative values of ~, .

.
\..

Diametral clearance in loose, single

row, radial bearings is sometimes called
radigl clearance, radial play, radial
shake, diametral play or diametral slack~
ness., :

.

For loose, single row, radial bearings
\— _J dismetral clearance may be defined as
the maximum distance one race may move
diametrally with respect -to the other

Pig. 1 , without the application of measureable
force when both races lie in the same
plane. .

Race curvature is a measure of the

conformity of the race to the ball in

a plane passing through the bearing
/ axis and transverse to the raceway.

It is expressed as & percentage or a
decimal, Throughout this text decimal
notation will be used.

Fig. 2 .



The curvature of & race ig defined asi (See Pig. 2)

A

d L]

Thus, 1if the curvature end ball diameter are knowm, the radius of curva-
ture is .

/‘z/d ) . Eq. 3
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The distance between the centers of
curvatures of two roces in line and
Jline contact with a ball is of great
importance, This distance is indica-
ted by O in Fig., 3 and is s fixed
quantity depending on race radii and
ball dlameter. Denoting quantities
referred to the outer race by the sub-~
seript, , , and quantities referred to

the immer race by the subseript, P
we have from Fig. 3:

OU7ER RACE

D=+ -

Since both /; and [ may be expressed

N L INNER RACE in terms of outer and inner race curve-
- tures, respectively, by Eq. 3, we haves

Fig. 3 ~

D"‘(/gf/;—/)% Eq. 5
Letting: B=( /0 ~1) | | Eq. 6

O=-Bd

The quantity /3 in Eq. 7 is known as the total curvature and is a mea-
sure of the conformity of both outer and imner races to the ball. Upon
it depend all bearing deflection computations.
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Free contact angle is the angle made by a line passing through the points
of contact of the bsll and both raceways with & plane perpendicular to
the axis of the bearing whon both races are centered with respect to each
other and one race is axially displaced with respect to the other without
the application of measureable force,

The centers of curvature of both outer
and inner races lie on the line defin-
ing the free contact angle. Free con~
tact angle 1s denoted by/4? and is
illustrated in Fig. 4. @

OU7ER RACE
Free contact angle is determined by dia-
é =3 A metral clearance, 2 and total curva-
° ture, 8, as:

CZDSiAﬁL::__E;E;;;C% . Eq. 8

ors /% = Zﬁa’f/-C‘o::/ﬁ’o) Eq. 9

In the case of radially tight bearings -
) the value of /2, 1is negative and the

valué of cos/3 from Eq. 8 becomes

INNER RACE greater than 1. Mathematically, this
Fig. 4 is an imaginary condition. However,
° the value of cos /3, for radially tight

bearings obtained from Eq. 8 is of im-
portance in certain deflection computa-
tions and has a definite physical sig-
nificance.’

Therefore, radially tight bearings may be considered as having an imeginary
contact angle whose sine is zero and whose cosine is greater than 1 as de-
fined by Eq. 8. '

------—------u--------------An—t‘--nu-—

The effect of interference mounting fits on free contact angle is important,

. Due to the interference fit there is a change in diameter of the press fit-

ted raceway and a corresponding reduction in diametral clearance., Hence
the fres contact angle is reduced by press fitting,



19/

12 AF) ias the total reduction in dismetral clearance due to press fitting

one or both race members, the initial mounted contact angle,/fa’, iss

Cos /3 . EB8d-o? LD s | Eq. 10
° 28d
_ors
C " = Cos + Al Eq. 11
“0s/%, = Cos/Q* Sha

For the effect of interference fits on ring dimensions see Chapter XVIZ°
p. 161.
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Freo endplay is the maximum possible relative sxial movement of inner
race with respect to the outer, when both races are coaxially centered,
without the application of measureable force. It is denoted by A=

In practice, endplay is measured under a definite gauging load and is
knovn a&s gauged endplay. Gauged endplay is always greater than free
endpiay becausc of the deflection of the bearing under the gauging load.
See Chapter X¥, p.152 for the relation bétween gauged endplay and dia-
metral clearsnce.

OU7TER RACE

Free endplay depends on total curvature
end contact angle as shown in Fig, 5.

%= 2Bd S /3 Eq. 12
or: :
SinB =%, Eq. 13
° 2Bd :
INNER RACE ‘
Fig. 5 . The relation between free endplay and

diametral clearance is obtained by
eliminating,sz betiween Eqs. 8 and 13,

2= Zéd-V(éaaj et Eq. 14

% =\/45a’/?-, -R~E . Eq. 15



II.

Solid Elastic Bodles In Contact,

When two, solid, elastic, curved bodies are pressed tcgether under
load & certain amount of flattening occurs in the neighvorhood of
the contact point., Due to the flatiening there 1s produced ar el-
liptical pressure areua over which the total load is distributed.
The relations governing the shape and size of the pressure aree and
the distribution of stress over the pressure area were rmathematically
investigated by Heinrich Hertz in 1881. These relations show good
agreement with test results except where the dimensions of the pro-
jected pressure area are large in comparison to the principal radii
of curvature of the contacting bodies, Good agreement is showvm for
conformities generally used in ball bearings.

Although Hertz's work was limited to an analysis of the distribution
of stress at the pressure surface, more recent investigators have
determined the nature and distribution of the stresses occurring
beyond the pressure surface and have substantiated their results

by photo-elastic tests.
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Let tho bodies be denoted by the sub-
scripts "a" and "b", respectively, as

shown in Fig. 16, Also, let the princi-
pal radii of curvature at the contsct
point be /¢, and R, for body "a" and

/?f;and/?ékfor body *b". The radii of

curvature are measured in two planes, 1

and 2, at right angles to one another as

shown in Fig, 16, the subscripts 1 and 2
. referring to the respective planes.

Vhen body "a"™ and body "b" are pressed

- together by the normal load, /2, the re-
sulting pressure area whose semi~axes
are a and b 13 shown in Fig. 17.

Hertz gives the dimensions of the pres-
sure area in terms of the transcenacnual
functions,f/ and-y-, asi

3

S
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o5

[

. = | |
\o& ° where: g 3PW f/{)é) Eq

_____ \
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,1) = 4(/"6:) Eq. 57
6 £b -

6
If both bodies are of steel with modulus of elasticity 29 x 10 #/sa. in.
and with Poisson's ratio 1/4, the value of g from Eq. 55 iss

— o et

ﬁ:.00459443 / /ﬁ?I 7 7 qu 58
' Ro, Ra, Kb b,

The values of the principal radii of curvature, Xz, /?az , /?5/ and R’éz
. /
are taken in accordance with Fig. 16.

The principal radii of curvature may be either positive or negative, depend-
- ing on whether the centers of curvature lie within or without the body as
shown in Fig. 18.

In addition, planes 1 and 2 should be
so chosen that:

. / / / /
St D At A Eq. 59
_k. Ra, Rb& 7/ Ra, ~%
-R
///1<—_~\\\\ \\\\___3,/// Plane 1 then determines the direction
+R of the semi-minor axis of the pressure
_;_ ' area and plane 2 the direction of semi-
major axis of the pressure area. :

The values of the functions A4 and ¥~
for use in Eqs. 53 and 54 depend on

the conformity of the contacting bodies
in the vicinity of the pressure area as

Fig. 18 _ determined by the auxiliary angle, T .
__._/_. / / VA
- = =L
Cos & = A;a’ /fﬂz 6 Kb, Eq. 60
, 7 y
il o Al ol
~4 .fﬁzz Ro, ~ Rb,
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Note that the denominator in tho expression for cos & is the same as that
occurring under the radical in Eqe. 55 and 58.

4% and v are related by another auxiliary angle, & , which depends
on the shape of the pressure ellipse.

Cos c=/— ZE‘\/@)"E@)] Co’ e Eq. 61
£CE)
- \"'/Zf(e)Cosa 2q. 62
”‘ .
wh;are: CosE =V = r-3 Eq. 63
— @

M 5) and £ ( E) are the complete elliptic integrals of the first and second
" order, having the modulus sin &

z :
/i’(f)zfz L2 Eq. 64
. V/-

cﬂ'

Sinle Sin‘e¥

z |
£(€) = \//-5/‘n“5 ot dy | Eq. 65
| .

Since accurete tables of A(€) and £(€) are not always availeble, values of
A(€) and £(€) correct to ten decimal places are given on Charts 5 and 6.
Four place tables may also be found in Jahnke and Emde's "Funktionentafelrn™
1943 edition.

By assuming a series of values of the modulus, sin £ , 6orresponding velues-
of cos = , 4 end -v~ may be calculated by Eqs. 61, 62 and 63,

Values of 4 computed in this manner are plotted against corresponding
values of cos © in Charts 7 through 21. Values of -~ are plotied against .
corresponding values of cos ™ in Charts 22 through 31, . j
It must be emphasized that the semi-axes of the pressure ellipse, a and b,
are the projected semi-axes and are not measured along the curvature of the -
pressure surface. '

-
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Tleetion In Ball Toovinge - Senaeriiized

4 tall vearing derives its loed cerryingz «uillty frox ths Iorces
Froduced at the contact points of balls and races., These loads,
called normal ball loads and designated by ~ result from the

elastic deformations of the cbntacting bodiec,

Pig, 27 showc = bHall tatween iw

g, Maon tie ball Is in
c2d} contact with both
racbu, thc conLors of curvature are
separated uy t2s distance S¢{see P.2)
vinich depzndes ca curvaiwres and bsll
diameter,

o
S
)
o}
+i
¢
o
w G

@
: 5
A

I? the racss &rs displaced with re-
spect to each othar sc that the bail
is compressed buolwsen then, ths ex-
ternal Torse causing the comgression
is resisicd Uy am elastic forze (normal
ball load/,/~b , winich actis cloug T
line passine through the dispiecad
races

%10

conters ol cwwrvavare of the wwo
as shown iIn Fig. 28.

Tee olastic deoformaticns at the points of cosntact are c‘; and | P and

4
tho suz of thsse two equels the no¢mal approach c- the wo racas. Since
{kc curvaturse centors are fixed with respsct to {Lolir racas and move
with them, the original distance betwﬂen race curvature centers, S,
incrsased by the normal approach of the two racss, Callin uhe norz=el

cppreach of the two racesc/:; s Yhe distance betwzon the disnlsced curva=-

turve eombors iss

[us

D= 50’»:_/1\‘/ ' Eq.
ors </;v = D-8d 23.

Tho rolatlon between normal ball load &nd normel z=wwnrosckh ist .

7%
R=HK,f.
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vaeroc the value of /ﬁA,is, frem Ec. 143:
% R
A = L "X/

Moo fperer e ) % -
avad
C ~ sad C, &are obtained from Chart 56.
fe) '~‘/;
/ﬁv zay be more conveniently expressed in terms of the cxiel

stant, A/, by the relation:

Yok
E 2

N

L=
»

deflaction con-

Values of 47 may be obtained from Cnart 57. See P.45

In a complete ball bearing which involves a number of ballis symmetrically
disposcd around a pitch circle, the normal iocd on any ball and tno contect
angle a: which it acts may be completely determined end evaluaied iz terms
£ the following relative displacements of Inner outer races.

symmetric,
thrust lecad.

lowing discussion are:

The radius of

Zeometric contact

the Zocus of
center ol curvature of

1) A reletive sxial displacement, £
of imner and ocuter races.
2) A relastive radisl displzcement, £,
of inmer =nd outer races.
3) A rolative anguier misalignment,oy,
of irner a&xd outer races,
Figz, 29 shows these displecenents., They
are measured with reforsnce To tha rela-
tive position of innmer and cuter rings
when all garts of the bearing are in

tnder zaro

Soime of tac dirsasions used in the ol-

the
inner race:

PULeRe

K

’_.J

[



where: £ = pitch circle diamazor,

The redius of the locus of ine center of
curvature of the outer race:

£ 2 2l Cos 05 o
o = ¢ "éC/ /Ou//z’v &Q.
and are also connacted by the relations:

/‘a-/Qg =5 C:ng/fz 5.

ands ~R-R = Bd-L= £q.
¢ o 2
where: /: = Diametral Clearance
In order to express the normal ball loads and oserating contact anzlies
ceveloped within the bearing in terms of the relative displacements of
the inner race with respect to the outer, the Jcilowins systen is used,

The outer race i3 sssumed to be fixed in snpac
aliowed to move with respect to the outer
bell load and operating contact angle for

around the pitch cirele from the heaviest loaded ball,&rc obtained o4
evaluating the change In distance beiween inner and Ch”” race curvaiure
centers in terms of the displacements showa in

poNt 30 shows the relative position of inner end outer race curvature
CL“ver loci before displacement. The locus o7 the oubter race curvat:

centers 1s a circle in space and is referred o & fixed, thres dimen
coordinatve system,X ¥, Z . The locus of ihe Inrer race curvaiure cente

is also a circle in space and is referred to tic movablie, three dimensicnal
. 4 ’r__v
coordinate system .
v 7 ‘)X/ZZ

Eow, sssuwe that the orlgin of the movable coorairnate system is displaced
the amounts and £ and misaligned the ancunt <X as shown in Tigz. 3.

These displacements are those previously shovm In Fig. 29,

In Fig. 31, the heaviest loaded bell lies in thu X, Z plane. Ve are in=-
terested in the normsl ball loed, A , and opcreting contact engle, &7,
/

Y

of & ball lying in the ;9 plane. This is devermianaed by the rciative
nositions of the intersection of the two race curvaiture Zoei with the
2

152

154
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2 planc is defined by

Note:




/
Yo distance, /D, Fige 31, betwsen the cenilcrs of curvaiture ol uhe inner
wnd outer races efter displecoment cad measured in the ¢ nlane is:
. . , //\
D =B (5//76’ #/ & R Co,s;/) Hlos/2 + A Cos #)
’
s
where: *fé
sd
/
/{ /
= O
Ed
I o
o = =
cal
/5,/a aua _being the three displacencuts of inner race vwith respect o

o8
v

the uute*, Fig. 29.
angle of the mounted bearing before load app

21caTL 0.

The neormel approach of the races,c/" , is, from Zg. 347:
N

4

n

- r p ~ 7
= 50’{'—\‘/:(5/}7/3;7*/7 +q///\":. Cos }0)‘-/-(605/:5 74 'Cos p) z

The normal bsll load, /i?, is, from Eq. 143:

p. it (o)

wiere /T

/(5//7/7 vy fq’/? Co._,goj r‘/Co_, /s 7,,4 Coas /o/

is the normal deflection constent from Zg. 149.

N
The normal ball load may be more conveniently exprussad in terzs
exiel deflection constant, A7, as:

F"
D =A% 50 /2 1h vt A’Cs C. i }°
Fo = i3/1 /7 o os @ */05/ ~~ Co /’}

1 4

L
ToT." P
Valvz: of X way be odbtained from Chert 57

-

—F

. A2

A
/I
— !
i

& -

[3¢ w6

Zg. 135
Eg. 156
Zg. 157



fH=7 A rﬁ/”ﬁ w5 r‘c’A’ Cos/) f/C‘o._;/’ + A Cos @)%

29/

- 7 T S ER
ing coatact engie /v, o7 & Sh.. pO3LY o.cacd in Thae P pliane s,

ag OperaEv

R s

——— < 2 , ’ —~ .
SinfS = S (C v Pt B Cos 47 ze.
\ p/nﬂ /-/I ?‘vs f'\‘, p(/:: ﬁ) /-/6-05/ /‘A Cos (///
- Id -
or: (‘osﬂ Cos/-‘z A A Cos (o 2q.
2 z
\//5”7/ 2 el 77 Cos ( 0s/3 +KCosF)
If the normal ball load,/eg , which actz at the contacl angis /?, (zlong
ihe 1dne /O in Fig. 31) is projected onto the X X plaze In FIz. 34, 1t
ray be resolved into two componenis. Cac is a thrusi force, A/, parsilel
to the X axis. The otner is a veriical compomenv, \/, paréliel to the
Z axis.
The thrust component, A/, is:
Zc.

H=F S /2

or

-?
!

,\\iu

//7/' 75 »I'/’ Cos 4 -

[
K¢l
-

il
IR

\/{9//}/7’*/7 Ao /’ COSQ/ / «.:/.z AR CO5 (/,/

The vertical component, v/, is:

AN
i
O

or

i 3 + 4 et (- Cos @) #(Co5 3+ K Cos “‘:“/]

» /
(Cos /8, +/ Co5) Cos

oL
A

3]
RS’
e

YA Foh

\/(5/'/7/{’) #b 1 . Cos f,yar“foj/{félcfas %)~

If it is assumed that the pitch circlic rodius acss nov ajpreciably caanze
during the deformations, the moment ¢f tia thrust comjoacni cbout ain axis
mroug‘u the center of the pitch circle «nd parsallel o the axis in
iz, 31 is:
fof = Lot 2 E v 2 Cos ¢ S
Z /7

where £ is the pitesr circie dianeter.

O

,.
PN

PR
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- 14,
iy Eidl S ] \/\/ Sir2,/8 A fa,f/? Cos ;a/ f Los/Z #4 Cesgl -/:_' i3, 144 fc,'/" Cos078es 5,
/

e s .
fleg A

. 4 /7
(/Ks//?ﬁofﬁ 7‘6{/,? (o?{// f{C’bj/.J r/\ COJ }9/
In order that the bearing bs in equilibrii: after displaconmen

b t, tne fol-
Jowing cornditions must be satisfied:

?
//)ﬁf/gfq//q Cos ) f(C‘a ﬂfAC‘os ) ~[ &5/n/”x6fc /? Cos )

Bg. 170
S 3 +ts vet [R; Cos 7) #(Cas 3, 24 Cos )7
fx./ (Siira (3065 4l 17 Co5 p) % (€2 A _/?}Z/C,_,./j, b Cos ) Cosw -
Zg/:;{dl’ 05 ) *(Co5,3 +K Cos ) {Ceo/F v K Co5 F)Co5L 5q, 171
\/5/0,6*/7 rg R Co5 () +f60.5/, w A Cos )?
o )2 D@/}yﬂr‘ﬁ;a%’-ﬁsgc)zf(éax/’w"f‘a:<-:/'*‘-'~ 534‘[),,,/» #fr vt I  Co502) 08 g e
Zf4:f}é:d PO} o) 3 [4 ~ /s [T o AR Y _ Lo 1‘_,\1' 1/‘5

\/(5"/'/7/3", vt R Cos @) w(Cos et K Cos )

¥hnere 2 /7’ and >V are respectively the thrust axd redial ‘co*:\,.‘edtg
of the externally applied load and Fi7, tae uoxant ¢ the exterral load
about the center of the pitch circle, The = In the right hand sicas
of the above equations indicates that the computatiozs must

for each ball position in the bearing and the sum taken.

The equations of equilibrium, Egs. 170, 172, and 172, sbove, are siat
indeterminate; that is, & direct solution fer the cdisplacencats in terms
of the externally applied load is not possizle wilithout furiker r
of the equations., '
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B. Axial Equilibrium and Thrust -

An angular contact ball bearing which is designed to
carry lateral as well as thrust loads presents the problem
of the interaction of the axial and lateral equilibrium and
compatibitity of the beam. The forced vibration analysis
discussed in Section 6 obtained a lateral deflection and
rotation at the bearing, based on the assumed lateral and
moment springs used. Hpwever, in order to calculate the
non-~lirear lateral force and moment, the axial deformation
of the beuring must be known. Such bearings normally are
mounted in pairs, face to face or back to back. The
determination of axial deformation and axial forces on the

bearings depends on axial equilibrium and compatibility.

Preload deflection will be discussed in the next
sub~section. Preload determines the relative axial position
of the two angular contact ball bearings before any other
load is imposed upon the system. The assumption of axial
compatibility is that this relative position of the two inner
races with respect to each other does not change during
subsequent loading of tbc system. In other words, the shaft
moves axially as a rigid body. The resulting axial position
will be that such that the axial forces on the two ball
bearings when combined with any thrust load on the shaft
satisfies axial equilibrium. As the shaft whirls at a
particular frequency, the shaft does not move axially, and
so no axial inertia terms need be considered. The thrust
rust be a constant force with time, and not harmonic or uny

other Liime function in ibe steady state condition.

H, + H, + THRUST = o,
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H,

For the first trial axial positions of the two bhall

bearings are assumed and input into the program. These would
generally be +d and -4 respectively, for the two balls, where
§ 1is the preload deflection of the bearing. The non-linear
forces and moment are then determined based on the assumed
axial displacement, and the slope and lateral displacement
computed by the forced linear vibration analysis described in
Section 5. In general, the axial forces thus determined when
combined with any thrust will not satisfy axial eguilibrium,
Thus, new values of axial deformation must be assumed for the
second trial, along with the new lateral and moment springs
discussed in Section 6.

NEW oLD
d, =

d; + SHIFT

The variable SHIVT is the estimated rigid body axial movement
from the present axial position to the true axial position.
For given values of rotation and lateral deflection for the
twe bearings, consider their respective axial load vs axial

deformation curves:
Hy

Ha

%
F

o
S

(S,- SHIFT) &, 3,

H, * THRUST =

)
0
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It is expected that for small changes,

T OH,
H, = ;./’ + — SHIFT = H, + DK/ & SHIFT

S
it

/,/z + _fiz SHIFT =

H, + DK2 % SHIFT
o4,

Substituting these expressions into the axizcl equilibrium
equation and solving for SHIFT,

H, + DKRIXSHIFT + Hy + DK2#% SHIFT + THRUST = O

i SHIFr = = (H, +H, +THrRUST)/ (DK/+DK2)

The problem then, is to determine the derivative of the axial
force-cdeformation relation with respect to axial deforination,

holding lateral deflection and rotation as constants.

Consider Egs. 16l and 170 of Jones on pp 29 and 30:

NBALL

H = 2 F sin G,

ey

Per Egqs. 160 and 162,

P. = okkxd® [ c - /]

2
where, C; = J—;\iz + BC

A‘- z s/v B, + DHP + DALP «# DRI ¥ Cos P,
B

Y2

1"

: cos 8, + DIP cCos @
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DHP = §a / Bd
DYP = J= / Bd
DﬁLP = (3] ,/ 8 C{-
vhere 4,, K; , and ¢ are defined by Jones on pages 18, 2k,
and 25 respectively.
Differentiating,
H -z : 8. & ]
DK = O _ Z PL SiN g+ sng, P.
’ Jﬂ écf’,, ‘ {
3 &A -
32
P 2 - '
__._—-6(' = DkK d 32 LCL",J J &
24, 2 O ba
-7,
C. 2 2 /z
0% L [AT+E"] oA A« 2B 08 )
S &a 2 dda O 64
) . W
= — <AL éA‘ + 8.: (EB«..
C; 3da o8
oA _ 4 (owP) | ¢ (_é}) S
a é'ﬂ d JA Oéa Bd (BJ)
3 B . 0 (a8, + Dyp cosﬂ~) = O
3 d&a b,gA
0C . AL L . 8,
S Ia c (84) Bd
’
IR ok dt (F)[co-i] s 3 P smba
Sa ‘ Bd 2 (C-1) (B4)
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siNB: = A/ C,
o S’Nel[ SAL aCL
= C,; "5_ - A{
Sa Ea 3 da
2
C.
= __|_ é AC _ Ag (> C“
C. d48a Cr S
0C _  siNg;
od,4 B d
oA e
o0d 4 Bd
o siN8,; ! AL sin 8.
P A BA Cc Cé h B4

H

(1 - A:sgeuj/(cg Bd)
- [ N8 ] / (¢ Bd)

COSLG,‘; /CC,; Bd)

—

"

2 3
= B‘" /(CL Bo()
B8.* 8
< 3 SIND¢
= A
¢’ T2 e n ]/(3)

BL‘L + % AiZCL
(C["I)




A AERGJET-GENERAL CORPORATION
e

\,::_uinmﬁ?’ SACEAMENTO . CALIFORNIA REPORT NO. ()
AGS 2.p43 - pAGE 3 oF
SUBJECT ) ] - ) . ! ) B . - DATE foy fim =
LATERAL VIGRATION ANALYSIS OF A MARMONICALLY FORCED, UNDAMPED, 9/9/65
LUMPED FARAMITYR BEAM SYSTEM SUPPORTED OMN NON-LINEAR SPRINGS WORK ORDER
By CHK. BY DATE
J.Ls Goudreau

Ce. Preload Deflecticn

The faces of the inner and outer races of angular
contact ball bearings are specified to be ground flush when
under a certain axial load (for example, 50 lbs). Thus,
when the bearings are assembled on the shaft and contact is
first established between the races and balls under zero

axial load, there is some stickout gap.

This stickout gap is closed by preloading the shaft, thus
imparting to the bearing some initial axial displacenent before
any other loads are put on the shaft. Usually the preload force
in the shaft far exceeds that required to close the stickout

gap. Once it is closed, additional axial load is divided between
the bearing (outer path) and the inner path. The final position
of the preloaded bearing involves the simultaneous solition of
linear and non-linear eaquations which are not too difficult, but
musl be done Lo determine the initinl axial displacerment at which

the bearing awalls the lateral loads on the beam,
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9. CTHER NON-LINEAR SPRINGS

ther non-linear springs (for example, roller bearings)
can be included if the load-deflection curve can be expressed

in the form,

where A ard B are constants to be inputied at the station
at which the spring is to be located. The flag at that

station must be set equal to 2.

Non-linear moment springs are not included, although :to
do so would not be difficult. A linear moment spring, however,

may be input along with a non-linear lateral spring.

If the P vs y curve is plotted on log-log paper, the’
slope of the best fitting straight line through the points
is the constant B. The constant A can then be found by

inserting a value of P and y from the curve.

If the shaft is supported by two roller bearings, the
shaft will whirl conically in contact with hoth bearings,
taking up any radial clearance in the bearing, and so the
clearance should not be included in the load-deflection
curve. Such a canted position of the elastically undeflected
shaft doez, however, generally contribute an added unbalance
at the large masses (especially overhung rotors). If the
shaft is supported by two preloaded angular contact bearings,
the undeflected position of the shaft will be the centerline
of ithose bearings. If an additional roller bearin; is present,
any clearance there must be accounted for in its load-dellection
relation. Such clearances should be added Lo the deflectiens in

the load-deflection relation before fitiing the power curve.




VA“ﬂ Y‘ -G ERAL CORPORATIONR =
FROIL - R T EN
i . AERQIE REPORT NO

\jﬁ;ﬁﬁ?} SACKAMENTO . CALITORNIA 38
AGC 2.543 PAGE OF
BULJECT ] N ] _ o ] ] DATE 9/9/65
LATERAL VIBRATION ANALYSIS OF A HARMONICALLY FORCED, UNDAMPED, B
LUMPED PARAMETER BEAM SYSTEM SUPPCRTED ON NON~LINEAR SPRINGS WORK ORDER
BY CHK. BY DATE
G.L. Goudreau

10. GROUND EXCITATTION

The previous theory has been based on the assumption
that the support to which the springs are connected is
ground (i.e., that point has no deformation). In a shake
test, however, the only load the beam sees is transmitted
through the springs to the shaft by the harmonic occilations
of the ground. This program permits the specification of the
amplitude of the ground acceleration, and is assumed the same
at all epring supports. It is assumed that the ground has nc
rotational acceleration (i.e., the moment springs are still

attached to a face of zero rotalion).

The derivation of the terms required to account for this

phenomerion are illustrated by a single mass~-spring model.

m X +K(X—3) = 0

|-
LET

X
K | 17}\AJ )’

Xo COs wt

[t}

y; coS’th

"

X e - wi¥X, coswt
)'/' : - wlyo coswt
(-mw® + K) X = KY, =o0
oR ( mw"-K) Xe + K Yo = o

Now if the amplitude of the ground acceleration is specified

as Ng (or N times the accelecration of gravity),
Ng = *wzyo
N
OR )é = - ___zj

w
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Thus, at the station of each bearing,
Vo= Ky, + V

This is straightforward for a forced vibration analysis based
on linear springs. However, for non-linear springs, whereever
the non~linear force was a function of the lateral displacement

d;, it must be considered a function of

/

b = Sr - Yo
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=
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13. OQUTPUT INFCRMATION

I.

IT.

Input data = program dumps centrol and station dota, ball bearing
data, and thrusi,

Spring data - At each staticn where there is a spring, the
program prints out the staticn number, lateral svring value,
elastic spring force, ussocizted non-linear force if any,

per cent difference if non-linear, moment spring value, elastic
spring moment, assoclated non-linear moment if any, and per

cent difference if ncn-linear.

Frequency and Determinant - For each iteration the program
prints out the frequency in c¢cps and rpm, the determiranit of
the setl of two simultaneous cguations solved in ithe forced
vitration solution, and the value YO which is the lateral
deformation of 1he ground, if any. A change in sign of tre
c¢eterminant through a frequency sequerce irdicates passing

through a natural frequency or critical speed.

Staite Vector ~ When the non-linear iterstion nas converpged
(trivially the first time if all springs linear), the orogran
outputs the shear, moment, slope, and deflection at each

station.

Ball bearing data - If angular contacl ball bearings are
ericountered, then immediately following II. for each
iteration thlie program outputs

TH1, TH2 - the axial force on the lst and 2nd ball bearings

b
D1, DH2 the axial displacemernt of the Ist and Znd ®

DK1, DK?2 - the axial derivative  of tne 1lst and 2nd ¢
THRUST - the value of the thrust load

PoT3 - the percent error in the axial equilibrium eq.
SnirT - the projected rigid body axizl shift for thne

next iteration
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e ball

outputs a discriptien of the internal setup of

in lbs if any.

When the non-lirear iteration has converged,the progranm

bearing, namely the circumferential posiiion of each

ball, its firal contact ang.e, and its compressive force
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PROGRAM E13112 LISTING
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ASG Xz=AN§1S3

L uN=Elsile

ANGIBI ASSIGNED UNIT 3

Len9GYeZe 20U

A s

Y
FYEE,528999,2:.200 . ;LISL [

| e

e P S S P LU VFSI

LISt ci3zia -

DAYE 25 APR 72 PAGE 1

3112\

P

25 APR 72 14:42:32.146

25 APR 72  14:42:32.146

25 APR 72 140422:32.217
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PEF X

w7

e A e =

PURPEISR IS NS NP A

25_APR_72

_ END OF_FILE == UNIT X

e LIST 1 14342233




G ELT DATA1,710426, 41363
00003 "7 77 TARES AXIAL FLOW TURBINE DESIGN B8 11-24-65 40 MM BEARING 26
cuoco2 30 600.0 20.0 1 2 3 4 10
co0003 0375 0,375, _2.73F+06_ 2.73E+09 11.56+06 __ 11,5E+06
JTG008 1,55 1.55 ~  B53,0E-05 0,259
134¢0C5 0.620E~06
2CO00& . Del2s5 0.425 7o USE+T06  TouSF+03 _ 11.SE+06 11 .SE+06
200067 0.853 0.853 - 1300.DE~03  0.898
006008 1.9705-06
002009 __ . Deb4O___ 0,460 __ To4SEXQ6_ T uBF+05H _11.S5E+06_____11,5E406
060010 0,853 o853 - 1300,05=-05% 0.910
00oolL 1.805E-06
60012 0.315 0,315 G.SOEH06  6.SAEFN  11,5F+06  11.5E+08
QGR0LS 3.38 3,38 -  78.4E-06 0,230
neooLY 0.394E~06
L0G0008S 0eB00_ 06400 9.21E+06_  9.21F+06_ 11.S5E+06_____ 11.5€+06
LGn0LG 2+56 2.56 - 3930,0E-06 1.25
000017 2.015€-06
00008 0.280 0.280 . 19416406 19.41F406 11.5E+06 ___ 11.5€+06
gosole 0.502 0,502 ~ 236,0E~06 04435
oeooao 0.627E-06
duouzl 0.360 0,160 __16.3DE+06  15.305406  11.5£406  11,.5E+06
T q0u r>° - 0,916 0.916 - 138.0FE=06 0.191
L0023 0:.255E~06
B EUTET o
0Uu025
HCH02e 3.820E+07  1.45 2.0
000027 0,575 0575 _16,30E+06 16.30E+06____ 11.5E+06 11.5E+06
JUL0286 T0.91% 0.6i6 - 31S.0FE-06 0.687
800029 0.813E-06
n03G30  0.437 D.438 32.30E+06  32.30E+0H  11.5E406  11,5E+06
00003y T T T 0.852 0,852 ~ B01.,0E=0h 0.558
000032 o4 I9E-N6
0CLO33 0437 D438 H0.00E406  #0,005+0A_ 11.56+06 _ 11,5E+06
563030 - G720 Ca720 - T64.0E=06 0.654%
306135 $o442E=06
GLOC36 04565 00565 48.50C+06  4B.50E+0f_  11.5E+06_ 11.5E+06
Tueuns?” 0,620 0,620 = 1100.0E-0€6 0,568
L0005a 0.415E-06
CCLoS39 . 0e375 0,375 4B,50E+06  48.50F+NE___ 11.5E+406____ 11.5E+06
cLonsLo 0.620 0,620 - §800.0E~0¢ 1,873
QUOILL 0.356E-66
COCOsE 0390 0e39D _ 4B.SOE+0S _ UB.SNE+0F 11.5E+406 _ 11.5E+06
Couonz 0.620 0.5620 - 6800,0FE=GF 1,932
503048
LRGoLS 0,805 0,405 13.35E+406  13.355+0F 11.5E+06 _ 11,5E+06
Tosooss T T T T 1.04 1.04 - 80.0E~0¢ 0.782
veeonT : ~0.239E=06
000218 6.925 0.625 13,335406  13.35K406 11.5E+406 11.5E+06
‘Gogoes T T T T T 1,04 1004 = 221.0T=~0f 0.640
Go5050 ~0,425E~06
605011 . 0.550 0.550 13,356+06 - 13.355406__  11.5E+06 11.56406
£0I652 1.0% T1.04 « 1800.0E~0€6 0+800
SuU5y : ~0.625E~06
3IU0SL 0,400 0.400 13.358+06 13.35540€ 11.58+06 11.56+06
L0058 T Tre04 T 08 - -7 423 0E=DE 0,410

- e s sk e i et Ay i e

et ot Ao AR e et e e i

5U00%0

~-0.489E~05



330057 e B
0008058 .
2060593 3,830E+07 t.us 2.0

L agoeoEd _ .. .0.150 9150 13.38E+06  13,33E405__ _11.5F+06 11.,5E+406
00061 1.04 1.04 ~ 1i0,0E-05 0+195

006069 o Dek5 0.

L DGS0VS. B 0
1

ounose =0,259E~06
0CS0A3 . .. 0015 __DeBiS
JUDIGY 00545 04545 = 3200,0E=-05 1.282

CeoLass =1,950£-06

000066 _ __0.240 0,240 1 77E06 1.776%05  11,5E406_ 11,5E+06

14,70E406 14.70E+403 _  11.8E+06__  11.5E+06_ _

460087 2:25 2.26 - 29,5E=05 0117
0Go0es ~0.204E~06
e e S 2:36EHN6 . 2.3EE¥N5 . 11.5E+06____ 11.5E%06

° ‘:)
¢essvo 021 2021 = B37.08-05 0.4if
JHouTL -0.787E~06

CU0072 0438 0035 2036E406 _ 2.36E+05 __ 11,5E+06__ 11,5E+06
000073 2.21 2,21 < 825.0E~05 0.334

cu0074 ~0.703E~-06

00225 3.03E40A . 3.03E+03 . 11.5E+06____11.5E+06
SOu07e 145 - 39,7E=~05 0.158

00Cc077 -0,355€-06

awedTe o . . 9.20 0.20 0.605:206 Do60E+03 ____11.5E+06 11.5£+06

U779 297 2.97 - 7.1E=05 00069
000680 ~0.163E=06




300601
500002

GOGUG3

306004
030805

_uduboe

Goagay
000008

C0009

010
G001l
nou0ie
008013
ccooiL
300015
UOOLilé
”)u./
npsls
o0e01e
JC0020

005021

goioze
IR
ancgan
ULO02S
00026

RIS

160030

GLgade
SCG0L3

304035
_303C3¢
Guco37
263058

060030
£UE0LL
SUu0sR
CuUuoLd
2LUOGY

20¢00KS

10085
coLouy
BREESIOL NS

cU0050
Guansl
000052
¢an053
HONTAST)

TUGJess

000055

B

it o oAb e e 8 v PP

dirk. . bt i e v i moin o e i beamn 1 Sk

e T R,

TELT MAIN,1,710420s 52022

E13112
. E13112 o
Ei3li2
¢ PROGRAM E13112 PLACED ON PRODUCTION APRIL 1,1970 BY F. YEE 05000000
IMPLICIT REAL*8_(A=H»0=2) _ _ _ 00000010
DIMENSION TITLE(12) 00000020
c JOB 14036 VIBRLTION ANALYSIS 00000030
I bl .._00DONOGO.
c DIMSHSTION DL1(S0)DL2(50)+DEI1(50)»DEI2(5M),D61(50),D62(50),0C1(5000000050
c 1)+DC2(50),01J(50), DWN(50) «DKN(50)  ELIMTRX(505) sE2MTRX(5+5) 200000060 ;
T 2AMATRX(575) 0BMATRX(5s5) s CMATRX (5¢5) s FMATRY. (5¢5) yDLMTRX (5+1) ¢ SHMTRX00000070
¢ 305,1)  »DGAMX(50) 00000080
COMMON 00000090 .
1 DL1 (50) ,»DL2 (50) #DET1_(50)DEI2_(51),06i (50) ,062 (50) » 00000100
2 DC1 (55) 7DC2 (50) 4DIJ  (50)DSAMX (50 yDUN (50) »DKN (50) » 00000110 '
3 EIMTRX (5.:3) JERIMTRX (S5} P AMATRY. (55 5) s 00000120
4 _BMATRX_(B,5)_ _  sCMATRX (5s5) _ __ _ ¢FMATRX_(5¢5) o 000GN130
57 TDLMTRX (5s1} s SHMTRY (501) » SUMG v 00000140
6 OMGSG 00000150

C*x**&*#*n$***4$X4*k»v%%**ﬁ*-#*x*****«#ﬁ****&**<#*********#*************00000150

T T €77 TDIMENSION BND COMMON STATEMENTS ADDED FOR NON=-LINEAR SPRINGS 1/7 00000170
€ s s s o e 3 3 o R R o BIGR HOR R B e ol Rk ot R o ek K Rk stk kool ook AR ok ok ok 0 00 00 1RO

200027
250028

T 050031

VUDL3Y

510039

Toooone T

DIMERSION MNREPI3ZIPDETA(SD) »OBETA{S0) »DANII 50)DBN1(50),0PNL{S0), (0000190
1 IDP\S}.PO(JO)VP‘(50)DP?(JO)9P3(;0)90000"L(4v50) angen200

COMMON DETA¢DRETA»DANLoDBRN1»DPN1,TDP 0000210

Cotedk o i e deniale & #*7#*r?~#**k*%*v“#*»**¢********#*ﬂkk*****v******#*#*********000ﬁO??O
C PROGKAM STARTS HERE

000N0230

€ s ok v e e s o e e g g R x*k#*u*v#*#*a%&ﬁ»##*w*****t*k&********#*******#******OOOOOEBO

B0 999 1=
9co NREP(II) =

=1e3
0

00000250

I T T T T T T T T T T T T 43000260

e s -0 s e o e st e o 3 e o o e sl 3K e 3 ok Ko s ok O o B e e o f e ol s e i SR SRR Rk e kR ok R koR ok % 0 0000270

___C INPUT_HEADER AND NUMBER OF STATIOMS _ ______ooono2ao
T s o W o oK ke e o Ak o 0ok % o Rl 5 0 e e e oK s e R T oK K e e G ko Yook ROk o Rk ek R R Rk 0 0000290

30 PEAD (Se110,EMDmubt) TITLENSTA» (IDP(IT) s I1=1+3) 0000300

111 FORMAT _(11A6,AL,512) 000N0310

C PRINT TITLE
_ Comvokdoh ok o i g
wRITE (A

C**,¢¢A%*“s¢*¢»**¢*n*4¢*v*x*$*¢»***4********¢**k***#«****vv*w**Q*i******o00003°0

3 el ORI R ORI IR KRR ok R R R R KO Kk x 00000340

13}

13 FORMAT (74HL

6non0330

00000350
JOB 14036 00000340

CIVISHATION ANALYSIS///) _ 00000370

LV#vY*Xﬂ%ﬁy*ﬁ»k*%44*”##v*$%4b**¢**3%**»*4*#***#*****4**#****************000003“0
C INPUT NUMBER OF ROCTS DESIRED» TRIAL ROOTe STEP SIZEs AND RePoM. 0n0N03s0

iz FOR’ﬂT(Iav
Ir (KK)
{13 NTRIAL = T

C o s dedes ’#*»uw¢*¢»v»+kv**#*?*##x**k***#**w**#»*#4*****#**¢***********#****000”0400“
T READ (TS

12 INONMODE s TROMGA s DELOMG s KK ¢ KMo KNs KRpKS» NTRIAL » ACCUR 00000410

2E12,
lite1

70613'?X9F12.o, . 00nn0L20
13,118 o 06000430
T 00000449

Cosesk xmearof ok 44**~$*4#*4#44**%****1*w#*v#******#**ﬂ*#***#**u******##*$******00000450

€ PRINT HEADER AND NUMBER_OF STATIONS 00000460

o T e A o8 1 S5 e ek R ko S 3 SR P A o o R AR R o R T R R R RO KRR R Rk %0 0000670
134 WRITE (8,112) TITLESNSTA oo0nNnNuRn

112 rORMﬁT (iHlleAD11A69A4110X71°92X8HSTATICNS ) 00400490
TOTTIUTTTTTOUfF T(CTRCCUR T 11601150116 06000500
115 ACCUR = o08DO k 00000510




600357

“uLUORj

036059

006060

000061

0306662

0000863

oogooh
6300665

050006

£GNn067
00UCGE
000069
900070
506071

000672
2605673

000078

50a0T5

030075
GI0677
G3u078

654679

0G008Y

AN581

Quonag2
J05033
[SR IR 013

© 030085

0Lo08d

- acoes7

02,083
Go508

330080
0cL09L
406692

050095

030094
030093
402096

T 020097

0eina3

U099

306100
o030l
500162
GLLlVS

conioy
9LI105
000106

050107
009108

116

15

1

18
1

2
Cownrny
C INPU
C*!L**’é

1

. Coaxxrar

C PKIN
C:&zﬁ(*:j

20
1
-

6

RS
1
2l

TTyez

121
T

R

C

_Cawtix

23
1
2

DAN-(N)#DBNl(N 1) oDBNIINY »DOPMNIIN«1) 2 DPNI(N) » SUMG, SUMG NREP (3100000890
T R SR T R0 R0 A A 4 e S Ao X 51 o Yot e e st i KRR s b e e o oK i OROR S ekolok WOkor SOk SOR KRR X RX kR 000NN T00
T STATION DATA 00600710
A b e B o e e e 4 sl e s R e sk o ol e e e e ool et sl ol sl ok ik g kol g ol siol ol b kol o e dckokok k2 00000720
WRITE (_ 6 e 20) - 00000730
FGR”AT(1°1H0 L(1) L2} EICOBO0T740
(1) El(2) G(1) G(2)00000759
8 — __.00000740
wRITE {6 26} aoo0n770
FORMAT(LH ) -00000780
_LCTR =0 00000790
De 57 N=1,MNSTA 00nN0800
LCTR = LCTR + 1 nooonaio
WRITE 6 _ 922)DL1 (MY oDL2IND) 'DETLIMIIDEI2(N) o DGI(N)e DG2(N) _ 00QGODNR20
FORMAT (6161 E15.8)) 0000GARZR0
iF (.CTR~B) 57,158¢57 00000840
ictR=0 00000450
WRITZ ¢ 6 26) CN0OO0ARAD
CONTINUE 040000870
WRITE (6 ,21) o ___..oo0ngaso
FORMAT (122H0 c(1} c(2) 1(J460000890
Y=I(X) GAMMA W SUB N K SuB ¢onnodaoo
N . con00eio
WRITE ( 6 s6) 0060930920
LCTR = 0 0000N93]
_ DO 121 N=I1,NSTA _ a0000940
LCTR = LCTR + % 00000950
hRITE (6 a2?)DC1(N)aDCE(N)vDId(N):DGAMX(N)aDWN(N)'DKM(N) 00000940
IF {LCIR~5) _121,122+,121 _gponnaro
LCTR = 0 . 000009QR0D
WRIYE ( 6 v6) 03000990
CONTINUE ; - 00001000
30 e 0 A ok 3 R o R 20 R e o o ek R R R SRRk R SR R Ak R Ik R ok 4k 00001010
PRINT ALL CARD NUMBER THREES 000601020
*****?#*?***ﬁ*ﬁ*%ﬁf*?ftﬁ??ﬁ*&i&ﬁ&iﬁ?ﬁ;ﬁ“iiﬁiﬁ.A<_**ﬁ5¥!¥¥#£11%¥!#ﬁ00001030
WRITE (6¢,23) 00NN1gu0
FORMAT (122H0 ETA ) BETA A 00001050
Sud N e BSUBN_ P SUB N . 00001060 ___
3 00CN1070
WRITE (6.6) gooni1oan
LETR = 0 . i noonniooo
DO 123 N = 1/NSTA ) ono01100

1
2

C virra ek e e e e e - a— - - E e

WRITE (6 »15)NOMODE, TROMGASDELOMGSACCUR . o 00000520

FORMATY (23HONUMBER OF ITERATIONS =usI0,20H STARTING OMEGA = » 00000530
Fl2.4,17H DELTA OMEGA = ¢F12.495X7HACCUR = Fl2.4) agonNNsso
WRITE ¢ 6 olB)KPrKSvKMaKVv(1q7AL______ . 000008550
FORMAT (34HOROW NUMBERS OF SELECTED SURMAT2IX»T4s4H ANDs IO, 00000560
39H COLUMN NUMBERS OF SELECTED SUBMATRIXvIu 4H AND» 14, o000nN0570
LABHNTRIAL = I2) e 00000580
A#**###srnﬁ*“*******#V#w*u&***»**k*¢***##*#*****#**u*****ﬁ******«*n0000590
T REMAINING DATA 0o0NNG00
e SO T R Y SR b ROk R AR R R SRR RO MR R R Rk R Rk R E K ok ¥k 2k % x 00000610
DO 50 N=1/NSTA 000060620
CALL REPEAT ( DLI(N~1)» DLI(N)» DL2(N=1)» DL2(N)» DET1(M=1)., 00000630
.. DEIL(N), DEI2(N=1)s DEI2(N), DG1{N=1)y DGL(N}, DG2(N-1)» ___ 00000640____
DG2{(N) » NREP(1) } 00000650

CALL REPEAT  ( DC1{N=~1)sDCLIN)»DC2{(N~1)s0C2(N)sDIJIN=1)sDIJ(N)» 00000660
DGAMX(N=1) o DGAMX (N) o DWN{N-1) s DUN(N) » CAN(N=1) o DKN(N) »MREP (27 ) 00NN00670

CALL REPEAT ( DETA(N=1),DETA{N) DBETA(N=1),DBETA(N) yDAN1(N=1)» ~ 00000680

LCTH = LCTR4L . anoni1in




ounil7 L WRITE (&r22) DETA(N)Y yDBETALN) o DANLINI 2 DANL MY DPNIAN) _0nooti129

tngrle IF (LCTR=-5) 123,124,123 00001130
w119 124 LCTR = 0O 00001140
G3CAR0 o MRITE (6e6) £0001150_
00012l 123 CONTINUE 00001160
nGo122 C 00001170
R GOOIRS, . Codomsmoilopiorsmioiikd e oo iok ook o ool ok loiok o oo s ook R R ok olok R ke ek 00001 1A 0
uavi°4 CTMODE = TROMGA®6.2821854D0 00001190
gizs DELMOD = DELOMG*6.2821854D0 00001200
L 000126 o Commobdoptdokld &R Rk ol ol ook S okor ok oS tokor o o skl R toR oo R Kook koo k6 0000121 0
030127 C INITIALIZE Elr E2» AND F MATRICES 000n1220
00pizs ot e b st ol sl e o e ale e sl o e s o sfe e ol s b o R e e ok s o o o ke ok o Kk s sk e e e ofe sl s ol e ROk Kool ok ok koK Rk 00001230
__ . Gojgr29 _ BC 51 I=1.5 00001240
G001L30 DO 51 J=1:5 00001250
Su0Ll3) IF{I=J) 55256055 00001260
I 56 EAMTRX(QIQ)*l - 000 _ 00001270
030133 EZM RX(I,J3=1i.0D0 000N1280
000134 ”HTRX(IpJ)-AQOuO 00001290
. Qoos3ss . . 6O TO 5% _ _ . . .00001300
000,35 85 C1MTRX(I,4)=0.0DC 00N01310
GChis E2MTRX{IJ)Z0,000 0Qea01320
050158 o L CFMATRA(L,J)=0.0DC e } 00001330
SrtEy 51 CONTINUE 00001340
(R BRAY CMOBWRK = TMODE - DELMOD . 00001350
o Loniny . DELOYG = DELMOD _ 000013A0
guglug DO 95 MM=z=1sNCMODE 00061370
Gouiud OMGURK = OMGWRK + DELOMG nacn13an
o Geging o W“qu‘jvnVGHRK FOMGWRK 00001390
CL016% SUMG = OMGSQ/384.04DD 00N014G0
ceuiesd IF ¢ KK ) 4301,43000,4301 00003430
. aootwy_ 4301 IF { MM-4 ) £302,4302.434 e 0nanin20
600148 1302760 TO (430,4315u32,433) 9 MM 0000143
REA RS € s 3w 8 e e e a0l oo o ot e stk 3R e e o sl o e e e o ofe O ICROK e o R b A RoteK ROb ok K ol ko ok R ook Rkl 00001440
___top1so 430 DG 350 N = 1,NSTA : 00001450
T geois: 308 Po(Y T = DPNL(ND 00N01460
auglrse GO TOo 430 05001470
C s s e e s e 50 e o e 0o A0S0 0K R e oK RO ORI Dk Rk R OOk R ROR § ok ok ok el dor f AR Rk ok 0000 14 R0
431 00 341 TN = 1.NSTA 0o0n1iaen
3451 PLINY = .8D0 # (PO(NYDPNLINY) 00001500
GO TO___u30G0_ . 00001510
C»*A*4v¢*+“x**»¢ o 4&*»**#***4#**x****w»m*»*v**4***:**wx***»x#*ﬁﬁa*****oonn1520
432 DO 342 N = 1.NSTA 00001530
o ob2 PN = .5DO0  (POIN)YADPNIGNY) ____oogoisuo
GO TO 4300 00001550
C*f**m**$$u*'**44«4****1*******t*v*****#**##****%**************#*******#00001560
433 DO 343 N = 1sNSTA _ 06001870,
P30 = 500 * (PO{N)+DPNL(N)) 0n0G1580
coolel PO(N) =3,0D0 #* (P3(N)~-P2 (M))+P1(N) 00001520
0006 343 DPNI(ND= _PO(NY __ . o .. 00001500
823 G0 YO 4300 00001610
Of C s v N s e a2 e o sl N 0ol 3 g ol e 3 e 2R X s e o e e e o R 3R o A sl ol e W s oo s K o ol o sl R o R ROk R X ok ok ONN0 14820
CJ 434 DO 344 Nz LoNSTA . Y DO0OOD1B=0
i - T T Paey = P2l 00001640
000170 P2{N} = P3{N) 00001650
0CuL7l o P3INY_= LEDO_x (POUINIADPNIINYY . e DOnODlsAO
Us0L72 PNy =3, OUO * {P3{NI=P2  (N};+P1(N) 00001670
Uil 364 DPNLI(NY = POGN) 000N01i6R0

C ot it sty e 0 o8 o sl s X S o SN o At o ko SRR it ok ik Rk e kkok ik 0 000 1690

Coh o o KO G T L X0 sl e s RO e Aol e IV Mol Rk R A K e R R e ek ok bk kR kb Aok w 00001710

C LOOP FOR BETTER K(X) 5 DURING EACH STATE VECTOR LOOP. 1ST PASS OK 00001700



e s - - - Bt e e e m b B eemiam e e FOSN

529477 4300 NCF = 3 00001720

5.0178 4305 DO 606 JERRY = 1sNTRIAL 06001730

236179 DO 58 Iz1¢5 06001740

_ o 0a3syAd o DO %8 J=1sH _ 00601750

wiplel IF(I-J) 53,54,53 00001760

sosiaa St CMATRX(I,J)=1.000 ' 00001770

0083 . 6D TO 58 _ - 00001780

$30134 53 CMATRX(1,J)Z0.0D0 00001790

500185 S8 CONTINUE 00001800

000186 _ R DO_69 NZL1sNSTA 00061810

COGLRT IF (KK ) 1:1s2 00001820

000188 2 IF (DPNL(N)) drlsg 00001830

_.000189 _ 4 POAM) = .SDO % (POOM¥DPNL(NI)_ ~ 00601840

va0190 DKN(N) = DAML(N)#PQ(N)#=DBN1(N) 00001850

¥ 1 CALL MATELM(M) 60001860

. e CALL MATMRY (FIMTRMILe1)pCHMATRX{1s1) s AMATRX(191):5:5:505+5) __  _00ON1ATO

930103 CALL MATMPY (E2MYRX{1s1)oFMATRX(191) /BMATRX(1+1)7505,5¢5¢5) 06001680

{30194 CALL MATMPY (BMATRX(171)+AMATRX(10¢1)+CMATRX(151)5505,5¢5,5) 06001290

000495 69 CONTINUE e 00001900

{08106 DETNOY = CMATRX{KM2XR)*CMATRX (KN,KS) = CHMATRX(KM/KS)«CMATRX(KN#KR) 00001910

0U0197 OMGPRT = OMGWRK / 6.282185400 00001020
L0008 6070 (715730700 71) INCF - - 00001930 ____

800199 71 IF (JERRY=NTRIAL)  72073:73 60001940

860200 72 IF (IDP(2)) ThsT4e73 00001950

000203 _73_ WRITE ( 6 ___»9)OMGRRT»DETNOY .. __..00001950

Jiuz6e 9 FORMAT{35H0 OMEGA = E15.8¢12H DETERM = 00001970

QL0 1£15,0) 00001980

GEDIO8 74 DLMTRX(1s1)_= 0,000 _ 06001990

JUH20S DLMIRX(2:,1) = 0.000 00002000

129705 DLMTRX(3,1) = 0.000 00062010

QBupeT . OLMIRX(&:1) = 0,000 . A 00002020

DLMTRX(S,1) = 1,000 00002030

DLMTRX(KR»1) = (=CHATRX(KMsS)=CMATRX (KNsKS) +CMATRX (KMsKS) * 96002040

. __m“__“__~____1cv*1RA<Kwpb))/aETN0m e 00002050

DLMTRX(KS»1) = (=CMATRX(KMsKR)*CMATRX (KNs 51 +CMATRX (KM» 5) % 00002050

MATRX (Kt{>KR) } /DETNOY 60002070

Gavels & Y0 (75:77275975) NCF____ 00002080

HoLaly T75 iF (JSRRY-NTRIAL) 76577577 00002090

- 76 IF (IDP{2) ) 78:78,77 © 00002100

77 WRITE (6 __ s11) _ 00002110

11 FORMAT(110H v M 00002120

000218 1 PHI Y) 00002130

B0GRYS __ ___ ___ WRITE (& »6) ___00002140

CuLz20 WRITE ¢ 6 »10)DLMTRX (15 1) s DLMTRX (20 1) 5D _MTRX(3s1)» DLMTRX(4,1) 00002150

YTt 10 FORMAT (1EH E15.80 14H E15.8¢ 14H 06002160

_ E15.8514H_ £15.8) 00602170

z WRITE € 6 16) o 00002140

Sonseh LCTR = 0 _ 00002120

_.000225 A_A‘N_m______"WDQ,995»N:19NSTA_"___~_~*__ _ 00002200

: LCTR = LCTR + 1 : 00002210

CRLL MATELM(N) 06002220

o CALL MATMPY (E2MTRX(1r1)FMATRX(151) s AMATR(191)05¢50525¢5). __N0002230

CALL MATMPY (AMATRX(1/1)sELMTRX(151),BMATR((121)75¢5+5,5¢5) 00002240

CALL MATMPY (BMATRX(1s1)yDLMTRX(171)»SHMTR((1¢1)¢5¢515¢5¢1) 06002250

. GO_TO. (7%582,79,79). #NCF_ . . 00002260.

79 IF {JERRY-NTRIAL)  80/8282 00002270

80 IF (IDP(2) ) &3s83,82 00002280

B2 . WRITE (6 . ¢10)SHNYRX(1s1) ¢SHMIRX(201) $SHMTRX(3s1) ¢ _SHMTRX (42100002290

83 DLMTRX{i,1) = SHMTRX(1s1) 00002300

DLMIRXIZ,1) = SHMTRX(Z2.1) 06602310




TRy 4 e DLMIRX(351)_= SHMTRX{3:1) 00002320
4238 DLIMTRX (451) = SHMTRX(%01) c00n2330
Lusd9 OO00FL (4 eN)ZSHMTRX (L 1) 00002340
oslhges0 _IF(LCTR=5) 995,94,94 00002350
0LuEGL 94 LCTR = 0 00002340
geoeue YRITE  (616) 00002370
_..Dhuo2s3 995 CONTINUE - 00002380
anceyy IF (IDP(2) ) 85¢85: 84 go0n2300
eCozus 84 IDPL2) = IDP(2)=1 000024008

_ 0602486 B WRITE . & __ &Y 000602410
00G2L7 IF { KK ) 598595 ,598 00002420
009243 598 60 TO (201+202,201,201) oNCF 00002430
_bgopss. 20y nNCFZT 2 _ . __.00002440
060250 50 To 599 00002450
Goras: 202 NCF = 4 onen2460
o Lneese 899 WRITE ( 6sud18) . poOBO2470
COR2H3 4018 FORMAY (110,32X5HSTA X.6X7:K SUB Xr12X8BHP SUB OX»12X7HP SUB X » 00002480
Coonsy 1 LAXBHPCT s 6XZHNCF) 00002490

L B00255 . DO BYD__ N T 1eNSTA . e _.00002500.
000255 IF  DPNI(N) ) 601,550:60% 00002510
Can2s7 601 DPHI(N) = DXN (MY%XDABS( QOQOFL{4oN)) 00002520
CUoELe o _ PCTC =DABS(DARS(POIN)/DPNI{M))=1.CD0) _6N002S30
500r 39 IF ( PCTC =~ AZCUR ) 204,2030203 000N2540
00C250 203 NCF = 3 0aN02550
vaeEnl 204 PCTC = PCTC % 100.0D0 e 00602540
Cogn? WRITE ( 604039IN» DKM (N} POCNY » DPNT(N +PCTCsNCF 00002570
unu2s3 4010 FORMAT (iH +33XI2,3({5XsE15.8) » OXFR.3,5¥11 ) ango2s80
IONTRETR .. __.5%0 conTINOE 00002590
woeEes T T T T TG0 TO (500:4305,600095) ,NCF 00002600
£a0zhé 600 CONTINUE 00002610

g o 95 CONTINUE o L 000012620

-7 B WRITE ( 6 27} 900602630

7 FORMAT(14HO END OF CASE ) 00002640

02270 GO TO 30 00002650
aoezyy T T TG sTOPT T 0NNN2640
goc272 END 00002670
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T OMATELM 127104820,

0
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62024

SUBROUTINE MATELMIN) 00002680
IMPLICIT REAL%8 (A=Hs0=~2Z) o0oonzead
~ _Qm___ LIﬁhrSTOM DL1{8C)eDL2(50) D5 II(SP)vDPI/(RO)vDGl(SO)oDG2(50)aDC1(500000 2700
C DC2(50),0I0(50)» DUs(SC) s DRMISOY b EIMTRX (52 5) v E2MTRX{S»5) 2 0G002 710
C &ﬂmATRX(D?q)PBHATRX(SVJ)DCVQIQY(SD:)FFMATRX(SIS)FDLMTKX(SFI)iSHMTRXOOOO
_C By e DGAMXAEN) - 0000°7\0
COAMON 00002740
1 DL1 (50) »DL2 (50) »DEI1 (S0).CEI2 (50),DG1 (50) :DG2 (BC) » 00002750
2 DC1 (50) D2 (50 DTS (B0 2DGAMY(SD) pDUN_{50) sDKN_{5Q)_,__000N2750
> FIMTRY (5,8} vE24TRYX (575} ¢ AMATRY (5:5) v 00002770
o BMATRY (5.5} JCMATRY (55 5) P FMATRX (5:5) v 000N27R80
5  DLEIRY (5,12 s SHMTRX (5,1) CeSUMG . p 00002790
[5) oM3ESQ 00002800
C sy mh e e sl e slt e o st oo ot sk s el sn o ey o e A ofe 3 ol T e ofe ode sl o sk Rl o ok ok B R R g ok o ok Sk ok ok o X v ko 00002810
€ NDIMINSION AND COMH*N STATEMENTS _ADDED FOR MOM=-LINFAR_SPRINGS 1/7_.00002320
Cowxzosrsesnzd AR KR R A S T R B TN A **#*ﬂ**tt*#*+**ﬁﬂ#*&k*»*ﬂ00ﬁ99 0
Dis ION IREFR L A{SOY e DRETALIE0Y HDAMLIED) 2 DBMI(50)»DPNL{B0) s 00002340
L ILPABePUS0) PL{S0I,P2(503 P30 0000FLLY.50). . __0DNOZARSH,
CTAMON DETArDBCTAvDAuLouJNLaOPNI:IDP 10002860
61 EIMTRX{(2¢1) = DLIINY 00002870
e E2MIRX(2e1) = DL2(N)__ 0NNN28RARO
iF (DEYILINYIG20299062 60002890
29 LiMTWHX L2} =0.0D0 00002200
L __ G0 7O BB . - e .__.__G0obon2910
62 FLUMTRA(L,2) =0. SDOaDLi(N) *OL1(N) /DETL (W) 0non2a20
68 COMNTINUE 00N02930
e iF _(DEI2(N)Jub,u5.84 e 00002340
45 EIMTRX{%¢2) =0.0D0 00002950
6O TO LY 00002360
R By E2MTRX(402) =0,.500xDL2 (M) *DLAINY /ZDET2(N) e 00on02970
uhh CONTIMUE 00002980
63 ELMTR¥{(3,1) = =~EiIMTRHA (42 2) g0002920
e U EEMTRIS L) . =E2MTRX{(H02) . o 06003000
IF (DEILMI)BL 435,64 noon3nio
43 ELMTREX{3:2) =0.0D0 00003020
o c¢o o 2 00003030
TTEW EIATRA(3,2Y = -DLI(NY/DEII(N) 00003040
02 CONTIMUC 0N003050
o IF (DEIZ2{N))&EB»89:88 0Q0030A0
8% T21TRY{3,2) =0.0D0 0QO030790
Ge WG 488 000035020
BB FIZMIRWN{322) = -DL2(N}/DET2(N). — onanscen_
£E8 CONTINUE 00003100
IFIDEIL(N))26+2726 - 00003110
e 26 ¥ (DGLIN)YESe27e65 e DO003120
27 ElﬁTR\(%vl) =0.0D9 00003130
GO YO 28 00203146
B _‘65AEIMTPR(;11)_;N(QL1(N)ﬁijDLlelﬁQLjSN)1LL§1§DDEDEL;jNL)aDC1(NL/DGI 0a0A3150
1IN 00C03160
25 CONTINUE 00003170
IF (DZi2(NY) 33:3L233 e _ 00003180 _ __
33 IF (DG2{W)Y)  35:34,35 00603190
24 ga2MTX{4,1) =0.0D0 000032460
GG 1033 . o e o o . 00nn3210.
3% FQMTRX(R-l) = (DL2ONI*DL20CDADL2{N) I /{6 CD0RDETR2 (NY)=DC2(M) /DG2 0000%220
YO 00003230
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 CONTINUE 00003240
EIMTRX(5+3) = =pL1(N) 00003250
E2NTRX(4,3) = «DL2{N) 00003260
FMATRY (1,4) = DUN(NIEGUNG = DKN(NY 00003270
TEMATRA(253) = =0MESEwDIJING) 00003280
FMATRX(1,8)Y = DGAMXNY * OMGBSO + DETA(CY 000032¢0
FMATRX(2,5) = DRETAIN) * OMGSQ 00003300

TG e ok oK s v e sk ot ke s B R T oo ok R M Rk ok 2 ook KR s v il AR om ook or %k 0 G 003310
O”TIONAL DUNMP 00003320
f«4¢# i S 0 R e Al XOR IO K ok R 4RO o g ok e Xl el R Rk R ok o ok kR iR ok Aok kR x 0 0 003330
IF (I0P(1)) 1301,1301:1300 00003340
WRITE (6+,130) N 00003350

_FORMAT (1HO0, 10X1iHSTATION N = +2XI2 ) N 00003350
CALL PPINTM (EIMTRX(151)75:5,5082H E1MTRL 00003370
CALL PRINTM (EZ2MTRA(1211:5+5,5012H £2MTRX ) 00003380
CALL Ph;ij AFMATRX(171)95:5,5712H FMATRY ) 00003390

IDP(1) = IDP(1Y~1 00003400
RETURN 00003810
END - - — 00003420

Ty
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D ELT PRINTM,1:710420, 52025 :
T T T T TTSUBROUTING PRINTM (ATNRYNCYMAXR, TTITLEY 00003430 B
IMPLICIT REAL%8 (A-He:C~2Z) ’ a00n3uuQ
e Gt ek degtonsolor i ofor R S ol ek Ok X0k KR I S oK K ok e ok Sokok kol ok ok Rotolok o 1ok ek 0 0 0N 3450 _
C FORTRAN IY PRINTM 00003460
C SUBROQUTINE TO PRINT ANY MATRIX JWITH 2-WORD TITLE 00003470
e C. . CALL PRIMYM {CMATRX;Ss58s8¢ 12H CMATRX_ . _ ). EXAMPLE_CALL UPB._ . _nodn3uag
Cﬁvﬁ*“‘ﬂv%#“**m¥*¢¢iﬂ«*“ fy*au*na*#***********&&***«**1**#***m******#***00003400
DIMENSION A{1)oNHED{RY»TITLE(2) 00003500
€ CALL _ATHRUZ (BeoH___CcOL ) - . __00003510
DATA B/78H coL 7/ 013003520
C MATRIX TIVLE 000N3530
L WRITE {ge222TIME ____0oon3%uc0 .
22 FORMAT (1HO0,S52X,2A6) 00003550
C 0000350
. - PO 50 IzleNCe& . O 00033570
TIZNC=i4) 000n3580
IF (YI~8) 20+20¢10 00303590
Y0 XIm _. 00003600
20 DO 30 J= 1911 00003610
30 NHED(JY=I+J=} 006003620
_ Lo wRITE . (6e120) __  (BINHED(N eJd=1eL1) _ 00603630
DY 50 w=ioNR . 00003640
KLzZJ+{I-1) &MAKR 00003650
o L Khzg L {YI=-1) e MAXR . 00003660 S
50 WRITE (60130) (J, A(K)Y o K=KL s K42 MAXR) 00003670
RETURN conn36R0
e 120 FORMAT(IHO»SXe10(A6sI4ouXY) 00003690
130 FORMAT (4H ROW-I3+OX,1PBEIY.T) 00003700
END 00003710
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w SLT REPEAY,1710L20, 62027
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T SUBRGUTINE REPEAT(A+ARBsBB»CrCCoDrDDIEFEEIF s FoNR) 00003720
IMPLICIT REAL*8 (A-H:0=Z) 0n003730
C Copear ok R iolok Sokstol 00oRook 4 Kogok e Sk 0 ool 1R e e 3NN o eton Ok Rk ok ks okoR R ek ek 00003740

RIPEAT REAGS IN A STATION CARD OR STMULATES A REPEATED CARD BY 00003750
MOYING DATA. 06003760

NR = NUMBER OF REPEATS FOR A PARTICULAR CARD 00003780
=1&=6<*ix‘-x*rhkxz**t:#*************k********z‘t*#**v#***ﬁ‘****************:’:*******O0003790
o IF (NR=1) 400,100,100 e _0G0003a00,
400 READ {(503002) AABBCCoNDIEEFFINR 00003810
Z002 FORMAT ( 6E12.60,13) 00003820
60 TO 760 00003830
100 ARAZA
B8B=R8 60003850
cec=Cc___ ) o - 0N003860
po=D 00003870
FEZE . Q0003830
= 00003880

C
C
C ArByCeDsEsF __OLD BAYRBCC:DOEESFF  NEW 00003770
.
Co

00003849

" NRINR=~1 00003900
700 RETURN 0NN03910
END ) ..gogo3e20

TRI X 14342135

et 3
- T ) ) T 14742235
— . ...END CUR_ -
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Py ##v##&#vv$¢~4kik$aéxve»“&t*ﬁ*&**#**»***130-°7016 INFORMATION=SYSTEMS=DESIGNS 15=APR=1G72 %% &% & &2 %% ok 3 ofe 3ok ofr s ok g s ook ol ook e ook oo o
desoy Aol LA R A R DAk g B B Ok AR R L R AN A S R AR A Ot Ak tox TRk Adoboke [ ok AR A L e R A ok Dokt Aok Dok e A bt e e 0 X A b st sk 5 ki A KXk B ki A ddox Tk Akl Qe A

L dpa ASCDEFGHIUK MNOPQRSTUVHXYZ) =4+<=D8%x (%2 \0123456789% i/ \_ (L IHA ABCDESGHIUKLMNOPARSTUYYWXYZ) =+<=>85x (%221 \01234567R9 3/ \ B Ia
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25 APR T2 P 14:u42:3h __IDENT=FYEE___ ACCOUNT=428%999 CARDS_ IN= 10, OUT= O

Pagis= 13¢ LINESZ 496, TIME=G0:00:03 (HMS)

ELL SOFTWARE ISD PPOVIDES OR MAKES AVAILABLE FOR USEs IMN ANY FORM WHATSOEVER: IS PROPRIETARY
_INFORMATION OF ISD_AND IS _NOT_TO BE _CORIED OR REPRODUCED. WITHOUT_PRIOR_WRITTEN AUTHORIZATIGN RY_ISD.
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Tx#x | USER MOTICES T

STTRPRIL 205 5672 wek
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{1y I5D 1103 TERMINAL SSRVICE IS_SCHEDULED AS_FOLLOWS

wON @ 07:00 = 24300 ¢
el TYE = FRI 2 00300 - 04300 3 07:00 - 24:00__ e )

SAT 00:00 = 22:00

SUN 3 04:00 - 22:00

) 1LAREZCORE (LCR) PRODUCTIZN JORS ARE NCW BEING RUN OM AM OVERNIGHT BASIS STARTINMG AT 04:00 FACH DAY.
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&1
e

D T2 I5D NOW G AVAILABLE RHMO*E-BATCH JOB ENTRY VIA LOW-SPEZD TELETYPE COMPATIBLE TERMINALS USING DIAL=-UP COMMUNICATION LINES,
«H*S SERVICE HAS BZEN IM USS FOR OVER TWO MONTHS AND 1S CALLED RON/T.

VHE DIAL-UP TELEFHONLE NUMJEQS AND TRANSMISSION RATES ARE LISTED BELOW.

10 CHAZ/SEC  H15=E52~U0357 B15-562-4035r H15-562-5146
30 CRAR/SEC  415-562-4716 #x EFFECTIVE 4/724/72 THIS NUMBER WILL DT CHANGED TO 415-562-4204 %%

T6)Y  ISDYS SECOND PUBLIC TERMINAL IN SAN FRANCISCO 15 LOCATED AT B 1

ALIFORNIA ST.» ROOM 2535,

c
GIUNING 4/eh/72 AND AFFECTIVE MOKUA\ =~ FRIDAY TURNAROUMD TIME S
H E

! OULD BE_REDUCED BETWEEN THE HOURS _OF 30:30 - 11130 AND
00 - 16:00 FOR USERS SUSMITTIN ON-TAPE JOBS WITH RU{ TIMES T

IMATED AT LESS THAN 6 MINUTES.

H
S

ACDITIONAL INFORMATION ON (2) 8 (3) IS NOW AVAILARLE YO ALL_INMTERESTED_USERS _BY CONTACTING_YOUR_SALFSMAN AT _415-562-420Gs ______
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